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Upper Circular Road, Calcutta-9. 
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3. Communications which have appeared in any other journal shall not be published 
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5. All papers should be carefully revised and should be absolutely in final form of 
printing. Positions for text-figures should be iuadicated. Authors are particularly 
requested to verify references. Authors are solely responsible for the factual accuracy 
of their papers. 


6. Authors should note that the communications are meant for specialists in that 
field. Extensive review of literature should be avoided. Well known or previously 
published procedures followed in the experimental work should only be designated or 
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number of diagrams anc formulae to an absolute minimum. Organic structural formulae 
should be arranged to fill the space economically and arrows should be used horizontally 
or vertically, not diagonally, whenever possible. 


9. The reference to literature should be given in brackets in the text and not as a 
foot-note or at the end and should conform to the normal usages of the Journal as regards 
order and punctuations, and to the abbreviations as given by Chemical Abstracts in its 
“List of Periodicals Abstracted’’. ‘Thus, Name or natnes of authors, Name of Journal 
(abbreviated, with a single underline}; year of publication; number of volume (double 
underline) and lastly page, e.g., Karrer and Schlieutz, Helv. Chim. Acta, 1934, 17, 7. 


The words and lines that will appear in italics in print should be underlined. 
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DEVELOPMENT OF ORGANIC CHEMICAL INDUSTRY IN INDIA* 
By Pror. P. C. GuHa 


INTRODUCTION 


The transformation from man in the cave to man in the town has been a long 
process which has been achieved by the progress of civilization. Development of 
civilization ia turn has been the cumulative effect of progressive scientific thought and 
technical development. Application, in ever increasing degree, of the useful findings 
of the various branches of science has made the fully developed countries, especially in 
the West, what they are to-day. The branch of chemical science has a very important 
part to play in this developmental process. If a few decades ago it was the fashion to 
say that the progress and civilization of a country could’ be estimated from a 
knowledge of the amount of suiphuric acid she produced, it is only too true to say now 
that the magnitude of the chemical industry as a whole is the true indicator of the 
progress of any country. Chemicals are necessary in every phase of human life: be 
it personal; be it domestic ; be it urban or suburban ; be it in health or in disease; 
be it in the days of peace or times of war. 


Indiais an undeveloped country. Just as the prime needs like food to quell 
hunger, clothing to mask nudity, housing to shield from sun and rain, her chemical 
needs are also great, but their production and provision are insufficient. Until the 
day India’s naine is placed along with the fully developed countries, we cannot afford 
to rest on our ores. Conscious that no individual or group of individuals, but only 
the collective awakening of national sense of responsibility and urge could solve the 
problem of our needs, [ have chosen to-day to present before you some aspects for the 
development of the organic chemical industry in general and organic fine chemical 
and synthetic drug industry in particular, in our country. 


I have been considering this question for the last two decades and more, during 
which period I have carried out possible experimentation and come to the conclusion 
that with a determined co-operative effort of chemists, chemical engineers and capitalists, 
and with the blessings and all-round support of the Government, it should be possible 
to bring into existence a full-fledged chemical industry in our country. 


The policy of the Government with regard to (a) granting of import licence, (6) export 
of materials essential for Indian Chemical Industries, (c) granting of permission to 
foreign firms to establish factories in India etc., (d) their tariff policy, (e) removal of 
transport difficulties, etc. should be framed with the sole object of giving impetus, 
encouragement and all sorts of facilities so that Indian Chemical manufacturing firms, 
existing and those yet to be established, can after overcoming the difficulties in the 


*Presidential address delivered at the 28th Annual General Meeting of the Indian Chemical Society, 
held in Calcutta on 5th January, 1952. 
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early stages of their patriotic and courageous efforts, can achieve a sound position both 
from financial and technical points of view, in competition with well established 
foreign concerns possessing vast amount of technical skill and enormous finance. 


2. HEAVY AND FINE CHEMICALS 


With the development of chemical industry in an organised form from the middle of 
the roth century, chemicals have arbitrarily been divided into two main classes, viz 
(1) Heavy Chemicals and (2) Fine Chemicals. Fine chemical industry is so dependeut 
on heavy chemical industry that the former cannot exist without the lacter. 

Mineral acids like sulphuric, hydrochloric, nitric and phosphoric, caustic alkalies, 
carbonates and bicarbonates of sodjum and potassium, and many of the inorganic salts 
manufactured on a hundredweight or tonnage basis, belong to the class of heavy 
chemicals. 

The various chemicais found in laboratories and used in research work, dyestuffs 
and pigments, pharmaceuticals and organic medicaments, as well as synthetic perfumes 
and essences are classified as fine chemicals. Antibiotics like penicillin, which is a 
modern panacea for many diseases, streptomycin, auromycin and chloromycetin can 
also be classified under fine chemicals. 

It is obviously not possible to deal at length on the various aspects of this vast 
subject. I, therefore, shall confine myself to the consideration of organic fine chemicals 
and synthetic drugs. Regarding heavy chemicals which are essential prerequisites 
for fine chemical industry, reference may be made to the National Planning Committee's 
Report (1947) on ‘“‘Chemicals Industries’’ 
turer's Organization Monograph on ‘‘Chemical Industry in India’, pp. 28-54 (vide alsu 


» pages 110 to 114, and All-India Manufac- 


paragraph 2 under section 5 of this address). 


3. History OF THE PRroGRESS OF FINE CHEMICAL INDUSTRY IN 
FOREIGN COUNTRIES 


The two most important and fundamental sources of organic chemicals are petroleum 
wells and the extensive coal fields. Therefore, any development in the fine chemical 
industry necessarily depends on the progress made in working out these natural 
resources. 

The applications of petroleum and its products, though wide in themselves, were 
not so multifarious as those of coal-tar products. But during the past decade vast strides 
have been made in America in working up products from petroleum. 

As is well-known, benzene, toluene, xylene, naphthalene, anthracene, phenois and 
cresols, carbazole and various organic bases are obtained from the four primary fractions 
of coaltar, viz. light oil, middle oil, heavy oil and anthracene oil. The majority of the 
useful organic chemicals is prepared from these fractions by the application of the 
various unit processes in organic synthesis 

German Industry.—Germans were very quick to realise the usefulness of coal-tar 
distiilation and were the first to start large-scale distillation under a complete internal 
organisation known as Interessen Gemeinschaft. This was the starling point for the 
admirable Farben Industrie ‘dyestuff industry) of the pre-war Germany. In the year 
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1856, Perkin synthesised mauveine. Although the first synthesis was achieved in 
Great Britain, Germany was the country to establish the first organised dyestuff industry. 
This achievement, followed by assiduous research, led to the production of drugs and 
antiseptics, perfumery, explosives, synthetic resins and tannins and rubber accelerators. 
f For nearly half-a-century ending with the commencement of the Great World War in 
4 1914, Germany held the sole monopoly for all fine chemicals and all the other countries 
had to draw their supply from her. The World War Il, however, completely 
demolished her chemical industries. 

British Industry.—Cut off from the German supply during World War I and 
) forced to meet with and return a British bomb for every German one, Great Britain 
had to develop her chemical industries perforce. Devastations of war manifested 
themselves in the prevalence of diseases, shortage of food materials, chemicals and 
dyestuffs and also in many other ways. This urge for production marks the beginning 
of organised chemical industry in Great Britain. An industry, started under such 
adverse circumstances, has been creditably maintained and improved, and to-day Great 
Britain prepares cheinicals not only for her home consumption but for export also. 

American Indusiry.—Stoppage of supply from Germany made America also to 
realise the need for starting her own chemical industries. The humble but very sincere 
attempt was started by Professor C. G. Derick of the University of Illinois. The college 
and the mercantile. chemical stores having run dry, Prof. Derick collected his students 
during the vacation months of 1916 and prepared, in the University laboratories, a large 
number of organic chemicals required for immediate use. This line of work was ably 
pursued and brought to real fruition later, by Prof. Roger Adams of the same Uni- 
versity. He and his colleagues undertook the preparation of a large number of 
chemicals in their laboratories. Asa result they suggested that some existing chemical 
factory should take up the preparation of these fine chemicals. Acting upon the 
suggestion and with the support of the authorities, the Eastman Kodak Company of 
Rochester, New York, started their ‘Department of Synthetic Chemistry’ in September 
1918. The Department which prepared only 150 chemicals in the first few years after 
its inception, has got to-day a catalogue of more than 3000 useful and rare chemicals 





comprising all types of organic compounds. ‘ 

From the small beginnings, thus made, America has advanced to such an extent 
that she is by far the biggest chemical manufacturer in the modern world. The huge 
companies like Du Pont, Monsanto Chemicals, Carbon and Carbide Corporation, Dow 
Chemical and many others form the major units in the American Chemical industry. 


4. Fine CHEMICALS FOR PLASTICS 


‘Development of fine chemical industry is an absolute prerequisite for the establish- 
ment, especially, of the modern synthetic drug and plastics industries. The great poten- 
tialities of plastics have not yet been realised in our country. In advanced countries of 
the West, notably in the United States of America, plastics have crept into every branch 
of utility—industrial, constructional and otherwise. According to U. S. Tariff Commi- 






ssion figures, the production of all types of plastics reached the phenomenal figure of 
1,654,700,000 Ibs. in the U.S. A. in 1950, while during April 1951, the figure reached 
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167, 951, 465 lbs., which if taken as an average would reach the staggering total of about 
2,000,000,000 Ibs. for 1951. ‘The backbone of this new colossal industry is the fine 
chemical industry of the U.S. A. Styrene, vinyl chloride, vinylidene chloride, vinyl] 
acetate, methyl methacrylate, various acrylates, allyl esters, vinyl ethers, acrylonitrile, 
coumarins, indene, carbazole, hexamethylenediamine, adipic and sebacic acids are 
some of the fine chemicals that go into millions of pounds production per year to feed 
this industry. For thermo-hardening resins phenols, formaldehyde, urea, melamine, 
epichlorohydrin are some of the essential chemicais needed. Plasticizer requirements 
of the type: dibutyl phthalate, dioctyl phthalates, tricresyl phosphate, glyceryl triacetate, 
camphor, cellosolve acetate, butyl stearate, butyl cellosolve, chlorinated diphenyl, 
ethyleneglycol, sebacate, laurates, ricinoleates, propyleneglycol ricinoleatc, butyl 
tartrate, sucrose octa-acetate, pentaerythritol tetrabutyrate, etc., used in plastics industry 
also ran to mighty figures of 243,000,000 lbs. in 1950. Modern surface coating indus- 
tries by virtue of ease of application, rapid drying and high chemical resistance have 
almost completely replaced older types of natural resin varnishes in U. S. A. and Western 
countries. If we have to introduce economy in the use of materials and lengthening 
the life-time of objects where surface coatings ate applied, we have to go to modern 
surface coatings—styrenated oil paints, alkyds, etc., being a few examples. The use of 
plastic coatings, plastic equipments and plastic materials of construction have proved 
to be a great boon to chemical industries, the type of which it is not possible to enumerate 
in a brief address. The modern use of polyvinyl chloride as acid-resisting lining for 
chemical equipments and conduits has increased their service life to several years as 
against a few months with natural rubber or ebonite rubber linings used previously. 
Teflon pipe line joints for pipe lines conveying hot sulphuric acid have service life 
extending over 2} years as against conventional metallic joints necessitating renewal 
every 2 to 3 weeks. 


5. PROCESSES IN SHORT 


For the purpose of dealing with the processes, it is convenient to divide the fine 
chemicals into three groups: (1) inorganic chemica!s, (2) organic chemicals and (3) 
chemicals prepared through the agency of biological processes. 

In the process of preparing or synthesising organic chemicals and drugs, inorganic 
reagents are required almost at.every step and operation. . Therefore, in addition to the 
availability of organic raw materials, we have to look for the availability of the inorganic 
chemicals. Amongst others, special meution should be made of ordinary mineral acids, 
caustic alkalies and alkali carbonates; sulphur, phosphorus, arsenic, antimony and their 
derivatives ; halogens and their acids; ammonia; sodium, silver, lead, mercury, copper, 
tin, bismuth, iron, nickel, aluminium, zinc, calcium, magnesium, platinum, palladium, 
selenium and their oxides and salts; alloys and amalgams. Plentiful sources of supply 
of most of these chemicals occur in the mineral resources of the country. Heavy 
chemicals like mineral acids, alkalies, ammonia, and a few salts are arleady being manu- 
factured in this country.. The preparation of such important inorganic reagents like 
sodium, KCN, NaCN, SO;, SOCI,, chlorosulphonic acid, and-yellow phcsphorus, P,O;, 
PCl;, PCl;, POCI;, I,, etc., has also to be undertaken in this country. 
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Coming to the organic chemicals, one is really astounded at the vast field of chemi- 
cal harvest here. In this branch, one literally finds hundreds of thousands of compounds. 
Synthetic chemistry, which is an evergrowing science, is the foundation stone upon 
which the edifice of fine chemical industry has been built up. 


Organic reactions are rather complicated and rarely go to completion. The process 
is hindered by the formation of more products than one. The ccurse is always compli 
cated by side reactions. The factors which decide the production of a particular 
compound as the main one are temperature, pressure, concentration and the nature of 
the catalyst, if any, and the reagent used. The various processes employed may be 
classified under the following types of reactions. They are the unit processes in organic 
synthesis, viz. nitration, oxidation, reduction, ammonolysis, halogenation, sulphonation, 
hydrolysis, esterification, alkylation, acylation, diazotisation and coupling, polymerization, 
electrolytic and catalytic operations, different kinds of condensations, etc. 

Catalytic reactions play an important role in modern organic fine chemical industry. 
Another advance made is the utilisation of high temperature and pressure. High 
pressure reactions are carried out in autoclaves. Some reactions which cannot be 
effected at ordinary pressure may easily and advantageously be carried out in an 
autoclave. 

With the progress of research, the number of organic compounds coming to the 
service of humanity is ever On the increase ; new ones come, at times, with meteoric 
suddenness and replace the old ones. Therefore, anyone desiring to keep up with the 
times must have a right eye on the current literature. When any organic chemical 
has to be prepared, the literature shows a number of methods for getting at the product. 
In choosing the right method, the essential points to be considered are: (1) the number 
of steps to be gone through before getting at the substance, (2; the availability and the 
cost of the starting materials, (3) the time taken, (4) the percentage of yield obtainable, 
and (5) the purification of the final product. 


6. PROGRESS OF CHEMICAL INDUSTRY IN INDIA 


Many chemicals like alum, nitre and saltpetre were manufactured in India from 
ancient times. From very early days, preparation of natural dyestuffs and colouring 
matters, crude drugs and medicines and extraction of essences had been going on in this 
country in an unorganised fashion. ‘The advent of the; foreign products and the 
vested interests of the then rulers had killed even these ancient industries. The years 
following World War I saw the slow beginning of the wodern chemical industry in 
India which has since been developing, though not in so rapid and vigorous manner 
as should have been. In 1921, there were 14 large chemical works in India; by 1939 
this number had grown to 38. Until the thirties of this century, major part of chemical 
manufacture was confined to mineral acids and metal salts. Alkali industries started 
from the latter half of the thirtizs. Organised process industries like sugar, soap and 
vegetable oil and pharmaceuticals also developed pari passu. 


According to data published by the All-India Manufacturers’ Organisation (cf. thier 
Monograph, ‘‘Chemical Industry in India, 1945, p. 80) there were 517 chemical establish- 
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ments in 1945, their major distribution being: Bengal 164, Bombay 109, U. P. 52, 
Punjab 536, Madras 76, Baroda 21 and Mysore 15. Most of these organisations are, 
however. too small to be called a factory and the activities of some of these organisations 
are mainly confined to bottling of foreign products. I would not be far wrong when I say 
that there are very few concerns engaged in the production of organic fine chemicals in 
any mentionable quantity with the result that we are mostly dependent on foreign supplies. 


7. SOME ESSENTIAL FACTORS 


Some of the factors to be considered for development of chemical industries are: 


(1) raw materials, {2) technical personnel, (2) markets, (4) location of factories, (5) size 


of unit and organization, and (6) research in industry. 


India is reputed to be rich in her mineral resources and natural products. But this 


reputation alone cannot solve India’s industrial problems. Our sulphur resources are 


very poor. The coal-tar and wood-tar produced in the country are not put to full use. 
Barring the production of alcohol, we have no great fermentation industries. Alcohol 


which has an installed production capacity of 126 lakh gallons of power alcohol and 
33 lakh gallons of rectified spirit (J. Sci. &@ Ind. Res., 1951, 10A, 219-220) should 
form a useful raw material for an organic chemical industry here. The large quantity 


of chlorine that is made available from alkali factories must be profitably used in the 
preparation of organic chemicals and solvents, as also inorganic chloro compounds 
(e.g. aluminium chloride and halogen compounds of phosphorus, sulphur, arsenic, 


.g. 
antimony, etc.}. 

With our universities and technical and research institutions turning out large 
number of scientific and technical graduatcs and post-graduates, lack of necessary 
personne] should not happen. Perhaps the interest of the country will be _ better 
served if we could plan our industries and send our state scholars for specific 
technical training in foreign countries. In special cases, foreign experts may be 
appointed for short periods for training our men in particular industrics. There 
have been cases where those of our scholars who returned home with foreign technical 
training could not be absorbed for want of industrial development in fitting places, 
and hence had to accept purely academic appoiniments. For lack of opportunities 
and facilities in the country, which can grow only when we are industrially developed, 
our young men and women may not possess that amount of practical knowledge as 
foreign contemporaries. But unless we plod our way ourselves courageously through 
the rugged path of experience, even at the risk of erring at times, industrial salvation 
will not happen. 

The fact that a huge foreign import trade has been flourishing in the country 
warrants a steady market. Aversion of the public against products made in India 
may lead to disappointments in the early stages of a new industry which the State 
government must safeguard by propaganda and legisiation. In this connection, one 
should deplore the ,absence of statistics of data about imports of individual items of 
important synthetic drugs, vitamins and other chemicals of industrial significance, 
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Detailed market data that indicate material consumption, past and present, are 
needed to determine the basic market. Also to evaluate competitive situation, such 
factors as tariff protection, competitive price, on similar materials from foreign imports 
and exchange availability must be related to the market survey. 


India is a vast country and the choice of the location of industry has to be care 
fully planned with reference to availability of raw materials and the market. Foreign 
industries have shown that the bigger the establishment, the larger the production and 


consequently the cheaper the product. 
Research in Industry 


Importance of research has not yet been realised to any perceptible extent in 
India. For any industry to be progressive and growing, it mu-t have a fully equipped 
research establishment. In Europe and America, whenever a uew industry is 
started, the top priority is always given to the research section. 

In America, all the industrial concerns, of whatever nature they may be, maintain 
up-to-date research laboratories. In fact, the industrial laboratories are more well 
equipped than their university counterparts. They are much better off as regards 
finance, equipments and chemicals. There is very little barrier between so-called 
fundamental and industrial research. They have realised, quite justifiably, that what 
is fundamental to-day will be industrial to-morrow. Consequently, most of the industrial 
concerns cover a very wide field of research. ‘ 

Abbot Laboratory is oue of the leading pharmaceutical concerns in America. 
In their researches on synthetic drugs, they cover about 25 different sections. Each 
in their activity far outweighs a regular department in our universities and research 
institutions. Park Davis, Lily & Co., American Cyanamid Co., Lederle Laboratories 
and Merck & Co., have similarly wide research activities. Some of the outstanding 
achievements in recent years, e.g. cortisone, vitamin B,., chloromycetin, hetrazan, 
etc. have come from the laboratories of these industrial concerns. Achievements of 
Du Pont and other chemical organisations in the field of fundamental research are too 
well known to need any special mention. The synthetic fibres like nylon and orlon 
have been developed in their research laboratories. The name of Langmuir is known 
all over the world. For many years he has been working in G.E.C. It appears that 
he has a blank cheque for his research expenses. Whatever is needed is supplied to 
him. His researches in this factory brought him the Nobel Prize and an enormous profit 
to G.E.C. Dr. Kendall working in close co-operation with Merck & Co. was respon- 
sible for the development of cortisone for which he has been awarded the Nobel Prize 
in 1950 in medicine. 

Some of the mineral oil refineries in America maintain enormous research labora- 
tories. The laboratories of ‘Texaco Oil Company, Atlantic Oil Refineries and Standard 
Vacuum Oil Company are much bigger than the entire Institute in Bangalore. The 
last named firm, in one of its branches in the North, spends Rs. 4,00,00,000 on research 
alone. The American Viscose Company maintains a research laboratory ‘including 
pilot plants) which itself is much bigger than most of the regular mills iu our country. 
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Even the smaller industrial concerns also maintain adequately-equipped laboratories. 
The general conviction among the industrialists is that, what you spend in research is 
returned manifold in profit. 

What is true about America is equally true about Great Britain and other continen- 
tal countries. The names of the laboratories of the British Drug Houses, May and Baker, 
Burrows Wellcome, Boots Pure Drug Co., etc., and specially of Imperial Chemical 
Industries may be mentioned. Many of the important sulpha drugs and the antimal- 
arial drug ‘Paludrine’ have been developed in the laboratories of these industrial firms. 
Imperial Chemical Industries is supposed to be the biggest single industrial unit in the 
whole of Great Britain. In its several branches, there are more than thousand qualified 
workers employed in research alone. Synthetic plastic, polyethylene, is one of their 
products. Continental laboratories like the Ciba, Geigy, Hoffman La Roche, E.Merck 
& Co., and i.G. Farben Industrie also maintain big research estabiishments. In fact, 
in the Western countries, every industry of whatever nature it may be, considers re- 
search asan essential prerequisite for any progress and development. ‘They have an 
ever-expanding attitude. This pays them a very handsome dividend. 


Qur Requirements 


During the decade 1923-24 to 1932-33, India has been importing annually on an 
average 474 lakhs of rupees worth of chemicals, drugs and medicines, and another 390 
lakhs of rupees worth of dyes and colours. Coming to the last three years, the data 
regarding the import of chemicals and dyes from foreign countries are as follows: 


Chemicals, drugs Dyes and 

Year. and medicines. colours. 
1948-49 Rs. 28,91,08,810 Rs. 15,68,26,229 
1949-50 16,13,50,115 11,10,62,353 
1950-51 19,29,78,870 14,59,79,°13 





It is a happy augury that there has been a stir in the Indian Chemical Industry in 
the post-war cum-post-independence period. ‘The successful erection and operation of 
the fertilizer factory at Sindhri -the biggest fertilizer factory in the East-—-has been 
achieved. Although we have a few big chemical concerns, we do lack miserably an 
establishment for the production of organic chemicals, drugs and medicines. Some 
of the essential fine chemical industries are: (1) coal-tar and wood-tar products, (2) 
drugs and drug intermediates, (3) dyes and dye-intermediates, {4) essential oils and 
synthetic perfumes, (5) fine chemicals, such as research chemicals and analytical 
reagents, (6) oils and fats (7) photographic chemicals, {8) rubber accelerators, (9) vitamins 
and hormone;, (10) solvents, (11) fermentation industries, (12) monomers for plastics 
industries, {13) plasticizers, (14) explosives and chemicals in war, (15) cellulosics. 

In the Department of Organic Chemistry, Indian Institute of Science, work on all 
the sections listed above, excepting items 11 to 15, has been carried vut. Extensive 
investigation in many branches of synthetic drugs, e.g. antimalarials, organo-arsenicals, 
sulpha and sulphone drugs, local anaesthetics, sympathomimetics, barbiturates, anti- 
tubercular drugs, antiseptics and disinfectants have been carried out. Experimental 
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conditions for the preparation of a number of dyes and dye-intermediates have been 
established and a few have been prepared on a semi-large scale. Besides our work 
on a large number of Indian essential oils, considerable amount of synthetic work on 
the production of aromatic chemicals like esters, neroline, diphenyl ether, vanillin, 
coumarin, ionone, nitro-musks, etc. has been carried out. The activities in connection 
with fine chemicals, etc., are described later under Preparation Section. Researches 
on preparation methods for photographic chemicals, rubber accelerators, synthetic 
vitamins and solvents, have also been carried out. 

With a view to utilising the sulphur and the sulphur compounds from high-sulphur 
Assam coal, it has been submitted to solvent extraction as well as low and high tempera- 
ture carbonisation. Until such time when we devejop modern synthetic methods for 
their production, methyl alcohol, acetic acid and even acetone, will have to be recovered 
from wood distillation products. 


8. INDUSTRIAL ACTIVITIES OF THE DEPARTMENT OF ORGANIC CHEMISTRY, 
INDIAN INSTITUTE OF SCIENCE, BANGALORE 


Indian researchers in the field of chemistry have been experiencing enormous delay 
and difficulty in obtaining necessary chemicals from foreign countries, especially during 
and after the wars. We are at present absolutely helpless without foreign supply. It 
was, therefore, thought worth while giving a trial to a scheme of semi-large 
scale preparation of some of the necessary costly research chemicals in India, with the 
hope that if this enterprise proved to be profitable, it might lead to a national fine 
chemical industry. 

The Preparation Section attached to the Department of Organic Chemistry, Indian 
Institute of Science, Bangalore, designed for this purpose, was started in 1930. Besides 
preparing almost all the costly organic chemicals numbering about 600, it has proved 
its usefulness by recovering good quantities of solvents and some other costly chemicals. 
It has, moreover, maintained a constant supply of pure and anhydrous 
solvents. It can well be claimed that the Preparation Section has become an indispen- 
sable addendum to the department. No additional apparatus, other than those available 
in the Institute chemical stores, has been purchased. The necessary water-baths, stills, 
ovens, stirring and shaking appliances and other requisites have always been fabricated 
in the departmental workshop. 

Apart from the laboratory-scale preparations, we have successfully carried out 
semi-large-scale production, especially during and after World War II. ‘The following 
brief account of our activities relating to war-time industrial developments will prove 
the fact that if we put our shoulders to the wheel, the cart of industrial India can certain- 
ly be made to move. 

Manufacture of nitrobenzene, aniline and dimethylaniline-—On receipt of an 
enquiry from the Defence Department, Supply Department, South India Circle, as to 
whether we could manufacture and supply the Government with dimethylaniline required 
in the manufacture of the explosive known as tetryl, work in these laboratories was 
started in 1940 for estabishing the conditions for its manufacture. 
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Manufacture of dimethylaniline entailed the following steps : 


1. Nitration of benzene to nitrobenzene, 
2. Reduction of nitrobenzene to aniline, and 
3. Alkylation of aniline to dimethylaniline. 


When the laboratory experiments to find out the most economic method were well 
under way, a scheme for producing n‘trobenzene, aniline and dimethylaniline on a pilot 
plant scale was sanctioned by the Board of Scientific and Industrial Research, Govern- 
ment of India. 

A cast iron nitrator (capacity, 100 gls.) and a reducer (capacity, 100 gis.) were 
designed and fabricated locally with all their accessories, and put into operation success- 
fully. The nitrator gave 240 lbs. of nitrobenzene and the reducer about 140 Ibs. of 
aniline per shift of about 1 hours. By running the nitrator and the reducer, each twice 
every day, 5 tons of nitrobenzene and 3 tons of aniline could be produced per month. 
In an improvised autoclave, constructed here, it was possible to convert 50 Ibs. of aniline 
to 62 Ibs. of dimethylaniline per charge. 


By using these pilot plants, about 10 tons of nitrobenzene, 6 tons of aniline and 
200 Ibs. of dimethylaniline were manufactured. In this connection it should be pointed 
out that this is the first time in India that the manufacture of these products has been 
undertaken and successfully done on such a scale. The experience gained gives us 
the confidence to say that nitrobenzene, aniline and dimethylaniline and all other analo- 
gous chemicals of industrial importance can be manufactured in India in any quantity 
by putting up bigger capacity plants and multiplication of units. 


Production of p-nitrophenylazo-8-naphthylamine.—At the request of the Supply 
Department, Government of India, 2000 Ibs of this camouflage dye were prepared and 
supplied. ‘This necessitated the preparation of (i) 1000 Ibs. of f&-naphthylamine from 
B-naphthol in an autoclave devised, designed and constructed by us, and of (ii! 
ammonium sulphite by the combination of ammonia and sulphur dioxide. For the pre- 
paration of sulphur dioxide a special equipment had to de devised. 

Conditions for the preparation of some dyes and dye-intermediates and other 
necessary chemicals numbering about 50 and including the following: acetanilide, 
p-nitro-, and chlorocaetanilide, p-nitro-, and chloroaniline, m-nitroaniline, p-nitro- and 
amino-acetanilide, sulphanilic acid, metanilic acid, phenol via Na-benzene-sulphonate, 
benzidine, B-naphthol via Na-8-naphthyl sulphonate, naphthionic acid, G-acid, H-acid, 
y-acid, J-acid, anthraquinone and _ its derivatives etc. have been established. In this 
connection some aluminium stills, autoclaves, copper, cast iron, mild steel, stainless 
steel equipments and accessories had to be fabricated for semi-large-scale preparations 
of the above. 

Acetic acid and glycerine.—On receipt of an enquiry for the supply of acetic acid 
and glycerine, conditions for the pilot plant production of acetic acid, 30 lbs. per day 
from Bhadravati lime acetate and about 60 Ibs. of glycerine from soap lye, were perfected 
with all the equipments and accessories fabricated locally. 

Glacial acetic acid and ethyl acetate.—The 80% acetic acid prepared from Bhadra- 
vati lime acetate has been converted into glacial acetic acid by azeotropic distillation in 
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For semi-large-scale operations, an aluminium still and its 





an aluminium vessel. 
accessories were perfected. 

Experimental conditions for the preparation of ethyl acetate from Bhadravati lime 
acetate were perfected, and quite a large quantity of this was prepared. 

In response to enquiries from the Government and trade, conditions for the prepara- 
tion of the following were established and a few of them were prepared in semi-large 
quantities: 2:4 Dichlorophenylbenzoy! chlorimide; Atebrin, Paludrine; Atoxyl; 
Carbarsone; Stovarsol; Neosalvarsan; Sulpharsphenamine; synthetic Adrenaline ; 
Novocaine; p-Aminosalicylic acid; Musk xylol; Musk ketone; Musk ambrette; 
Neroline; Dipheuyl oxide; Geraniol from Ceylon citronella oil; Vanillin ; 
Lime oil and citric acid; Camphor from Indian turpentine oil; Amyl acetate; 8- 
Naphthol; coal-tar products ; Glycerine from soap lye; Phosphorus trichloride, 
pentachloride and oxychloride; Ether; Chlorobenzene; Nicotinic acid; Ethy- 
lene, Acrolein, Ethylene dichloride and Ethylene chlorohydrin; D.D.T. It is necessary 
to collect all such experiences available in India and canalise them for the development of 
au all-round chemical industry. 

Advantages gained.—During these 21 years, more than 600 different chemicals, 
including some important drugs, some dyes and their intermediates, have been prepared, 
some of them in considerable quantities. 























When an exverimental scheme, such as the Preparation Section, has to be viewed 
on a commercial basis, the points to be considered are many. ‘The Section, primarily 
meant to meet the demand of the local workers in the department only, has to prepare 
a limited number of substances in limited quantities; whereas, in a factory, which will 
have to satisfy the demands from all, the number will run into thousands easily and the 
quantity will also be considerable. It will be possible to run a series of experiments 
so that the by-product in one can profitably be utilised in another. 

The processes, as given in the literature, require preliminary trials and very often some 
modifications have to be effected to get the maximum yield. The experience gained in 
overcoming difficulties arising in the early stages have always been of great help in the 
subsequent preparations. I am confideut that given the opportunity, it should be possible 
to undertake almost all types of unit process operations in organic chemistry leading to 
the manufacture of almost all the useful chemicals in India. I should venture to state 
that many of the necessary equipments can be designed and fabricated locally with 
the co-operation of chemists, engineers and chemical engineers. Every effort for the 
fabrication of glass-lined and acid-resisting enamelled equipments, so necessary for 
The proposed factories for the manufacture of peni- 




















chemical industry, must be made. 
cilin and sulfa drugs as also the petroleum refineries to be established early, should form 





useful units of organic chemical industry. 







CONCLUSION 










The capitalists of industries and the brain-trust of the heavy chemical industries 
in India, must realise the importance of the great need of fine chemical industry and 
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should be keenly alive to the utilization of talentin our country, indigenous and those 
trained in countries of the West. Bold methods of ventures and far-reaching pro- 
grammes of development have to be initiated rather than be contented with immediate 
profits obtained from old and worn-out methods, if advancement of the industries 
of the country is to be stepped up. Needless to-say, the economic regeneration of India 
in the modern highly industrialised set-up in the competitive world can never be achieved 
by horse and buggy methods (bullock cart methods!), however genuine the desires and 
aspirations of statesmen, financiers and planners may be. With the ever increasing 
population, with the resources of the country untapped by modern methods of manufac- 
ture, I foresee only harder and deteriorating times, unless bold and modern programme 
of industrialization, particularly the chemical industries, to which all other industries 
are closely interrelated, are i.itiated and executed with high patriotic zeal. I conclude 
this address with the hope that in the near furure we shall see the development of organic 
fine chemical and synthetic drug industry in India. 


‘ 











(Jour. Indian Chem. Soc., Vol. 29, No. 1, 1952] 






























SYNTHETIC INSECTICIDES. PART II. CONDENSATION OF BUTYL, 
CHLORAL HYDRATE WITH HYDROCARBONS AND HALO- 
HYDROCARBONS. SYNTHESIS OF 2:2-bis-(ARYL)-8:8:7- 
TRICHLORO-n-BUTANES 


By (Miss) LatrkA H. Darat anp R. C. SHAH 


In the present work condensations of toluene, o- and m- xylenes, and a- and 8-chloronaphthalenes 
with butylchloral hydrate have been carried out. Dehydrohalogenation and subsequent oxidation 
proved the constitution of the dicondensation product of toluene to be a :a-bis-(4-methylpheny])-8 :B :y- 
trichloro-n-butane (I). The constitutions of the dicondensation products of m-xylene and 8-chloro- 
naphthalenes could not be established this way, and they have been provisionally assigned the constitu. 
tions of the type a :a-bis-(aryl)-8 :8:y-trichloro-n-butanes. The condensation of butylchloral hydrate 
with o-xylene did not meet with success. 


In the previous communication (this Journal, 1949, 26, 549) butylchloral hydrate 
has been condensed with benzene, chlorobenzene, bromobenzene and naphthalene to 
obtain products of the type @:+-bis-(aryl)-8:8:y-trichloro-n-butanes which may possess 
insecticidal action. 

In continuation of this work, butylchloral hydrate has now been condensed with 
other hydrocarbons and halohydrocarbons, namely, toluene, o-xylene, m-xylene, 
2-chloronaphthalene and 8-chloronaphthalene. 





Butylchloral hydrate, when condensed with toluene in presence of concentrated 
sulphuric acid, yielded «:2-bis-(4-methylpheny])}-8:8:y-trichloro-n-butane (I). The struc- 
ture of this compound was proved by dehydrohalogenation with alcohol-potassium 
hydroxide and subsequent oxidation of the crude unsaturated compound with chromic 
acid in acetic acid, when 4:4’-dimethylbenzophenone was obtained. 


Hc€__)—cH-€__ cu, cnc CH: 


CCI, CCl HC 
CHCI CHC! 
CH, CH; 

(I) (II) 


Similarly butylchloral hydrate was successfully condensed with m-xylene and 
8-chloronaphthalene in presence of concentrated sulphuric acid, and with 2-chloronaph 
thalene in presence of oleum. Incase of m-xylene the same dicondensation product 
was obtained when condensed with butylchloral in presence of anhydrous aluminium 
chloride in nitrobenzene. 






Dehydrohalogenation of the dicondensation products of «-aud 8-chloronaphthalenes 
by refluxing with either sodium in alcohol for about 10 hours or alcoholic potassium 
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hydroxide for a longer period {10-24 hours), yielded unsaturated oils. No definite 
compounds could be isolated on oxidation of these unsaturated oils. However, they 
are assigned the probable constitutions :@-bis-(4-chloro-1-naphthyl)- and %.2-bis- 
(2-chloro-1-naphthyl)-8:8:y-trichloro-n-butanes on the basis that @-position is the most 
reactive in a naphthalene molecule. A similar dicondensation product was obtained in 
the reaction of chloral hydrate with +-chloronaphthalene (Stephenson and Waters, 
J. Chem. Soc., 1946, 339), the constitution of which has been similarly assigned. 

Dicondensation product of m-xylene yielded a pure unsaturated crystalline com- 
pound on refluxing with alcoholic potassium hydroxide for 24 hours. The halogen 
analysis of this compound showed that only one molecule of hydrogen chloride was 
eliminated. Attempts to oxidise this pure unsaturated compound were unsuccessful. 
The product, however, has been provisionally assigned the constitution %:2-bis-(2:4- 
dimethylphenyl)-8:8:y-trichloro-n-butane (Il) from the general reactivity of m-xylene 
(ef. Stephenson and Waters, ioc. cit.}. 

As dehydrohalogenation of the m-xylene dicondensation product gave a pure 
unsaturated compound, which could not be oxidised and in which only one molecule 
of hydrogen chloride was eliminated, it was thought interesting to determine hydrolys- 
able chlorine content of the condensation products which gave oxidisable unsaturated 
compounds on dehydrohalogenation. ‘his was carried out in the case of the condensation 
products of benzene, toluene and bromobenzeue when it was observed that only one 
molecule of hydrogen chloride was removed by alcoholic potassium hydroxide. In the 


case of dehydrohalogenated compound obtained from the dicondensation product of 
m-xylene, oxidation might not be taking place because of the steric hindrance due 
to the methyl groups occupying the ortho positions to the carbon atoms involved in 


the condensation. 

Attempts to condense butylchleral hydrate with o-xyiene in presence of oleum, 
conicentrated sulphuric acid, concentrated sulphuric acid-acetic acid mixture, chloro- 
sulphonic acid and anhydrous aluminium chloride in nitrobenzene did not meet with 


success. 


EXPERIMENTAL 


Condensation of Butylchloral Hydrate with Toluene: .%-bis-(4-Methylphenyl)- 
B:B:y-trichloro-n-butane(I).—Butylchloral hydrate (19.3 g.) was condensed with 
toluene ‘13.4 g.) ‘im presence of sulphuric acid (96%, 30 c.c.) by stirring the reaction 
mixture for 3 hours at 29°-31°. This was then poured over ice and a seft pasty 
product that separated was washed well with hot water, the iast traces of the acid 
sticking being removed by washing with sodium bicarbonate solution. ‘The crude 
product (yield 24.0 g., m.p. 75-80°) thus obtained was crystallised from rectified spirit 
when prismatic crystals, m.p. 93-94°, were obtained. (Found: Cl, 31.5. CisHisCls 
requires Cl, 31.1 per cent). 

The pure compound is readily soluble in ether, acetone, chloroform, carbon tetra- 
chloride, petroleum ether, benzene and toluene in cold. It is insoluble in rectified 
spirit, absolute alcohol and acetic acid in cold, but dissolves on boiling. 
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Dehydrohalogenation of %:%-bis-(4-Methylphenyl)-8:8:y-trichloro-n-butane (I) and 
Oxidation of the crude Dehydrohalogenated Product.—The pure compound (r1.0g.) 
in absolute alcohol (20 c.c.) and potassium hydroxide (1.5 g.) in minimum quantity of 
water were mixed and the mixture refluxed on a steam-bath for 3 hours. The alcohol 
was then evaporated and the residual liquid extracted with ether. A clear red 
liquid, which absorbed bromine in acetic acid and decolorised alkaline potassium 
permanganate solution, thus proving it to be unsaturated, was isolated from the ether 
extract and was subjected to oxidation without further purification. 


The above unsaturated compound (1.0 g.) was dissolved in acetic acid (5 c.c.), 
chromic acid (5.0 g.) in acetic acid (20 c.c) was added and the mixture was refluxed 
for 4 hours. It was then diluted, the acid neutralised and its ether extract taken up from 
which crystals, m.p. 84-94°, were obtained. It was crystallised from rectified spirit 
as colorless needles, m.p. 92-94°. ‘his melting point corresponds to that of 4:4’-di- 
methylbenzophenone. Nauta, Ernsting and Faber (Rec. trav. chim., 1941, 38, 4003) 
give m.p. 95°. 

The 2:4-dinitrophenylhydrazone was obtained as bright orange needles from alcohol, 
m.p. 219°. Nauta etal. (loc. cit.) give the same m.p. 


The oxime was obtained as co!orless needies from alcohol, m.p. 161-62°. Goldsch- 


° 


midt ‘Ber., 1890, 23, 2743) gives m.p. 163°. 


Condensation of Butylchloral Hydrate with m-Xylene. (1). In presence of 
Concentrated Sulphuric Acid: 4%:%-bis-(2:4-Dimethylphenyl)-8:8:y-trichloro-n-butane 
(II) «?).—Butylchloral hydrate (7.6 g.) wis condensed with m-xylene (10.0 g.) in 
presence of sulphuric acid (96%, 15 c.c.) by stirring the reaction mixture for an hour 
at 29°-31°. The reaction mixture was poured over ice and the crude product so obtained 
was washed well and crystallised from acetic acid when colorless needles (yield 14.0 g.), 
m.p. 159-60°, were obtained. (Found : Cl, 28.3. C..H.sCl; requires Cl, 28.7 per cent). 


(2). In presence of Anhydrous Aluminium Chloride.—A4A mixture of butylchloral 
(11.0 g.) and m-xylene (15.0 g.) was stirred with the addition of anhydrous aluminium 
chloride (10.0 g.} in nitrobenzene ‘50 c.c.) at o*. After stirring the reaction mixture 
for 3 hours at the same temperature and keeping it in a refrigerator for 48 hours, it was 
poured over a mixture of ice and dilute hydrochloric acid. Nitrobenzene was removed 
by steam distillation and the crude product obtained was crystallised from acetic 
acid when the same dicondensation product (II), as in the above case, was obtained, 
yield, 20.0 g., m.p. 154-160°. 

This condensation was attempted using dry hydrogen chloride, zinc chloride in 
acetic acid, and anhydrous aluminium chloride in ether (at 0°) as condensing agents, but 
did not meet with success. 


The pure compound is readily soluble in chloroform, carbon tetrachloride, benzene, 
toluene, ether and avetone in cold and dissolves in petroleum ether with a little 
difficulty. It is insoluble in ethanol, methanol and acetic acid in cold, but dissolves 


on! boiling. 
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Dehydrohalogenation of @;2-bis-(2:4-Dimethylphenyl)-8:8:y-trichloro-n-butane and 
attempted Oxidation of the Dehydrohalogenated Product.—The pure compound (3.0 g.) 
was dissolved in acetone and potassium hydroxide (3.0g.) in minimum quantity of 
water and absolute alcohol (20 c:c.) were added to it. The mixture was refluxed for 
24 hours, alcohol and acetone were removed and the residue was extracted with ether 
from which an unsaturated dark liquid was obtained. 

To the above crude dehydrohalogenated product (2.0 g.) was added potassium 
hydroxide (25%, 15 c.c.) and potassium permanganate solution (5%, 300 c.c.) 
till decolorisation took place. The reaction mixture was then heated on a steam-bath 
for an hour, cooled and sulphur dioxide passed till manganese dioxide precipitate 
dissolved. Excess of sulphur dioxide was boiled off from the mixture and its ether 
extract taken up from which a pasty product was obtained. On crystallisation from 
alcohol it yielded yellow needles, m.p. 79-81°, and was found to contain chlorine. 
The halogen analy,is corresponded to that of the original condensation product minus 
one molecule of hydrogen chloride showing that only the pure dehydrohalogenated product 
was obtained from the crude one by the oxidation of the impurities. (Found : Cl, 20.8. 
CyoHz2Cl, requires Cl, 21.2 per cent). Attempt to oxidise the crude dehydrohalo- 
genated product (2.0 g.) by chromic acid (2.0 g.) in acetic acid (20 c.c.) by refluxing 
the reaction mixture for an hour also did not meet with success. An unsaturated 
thick oil obtained from this reaction was oxidised in stages twice, each time taking 
2.0g. of chromic acid in acetic acid and refluxing for an hour ; even then a thick 
unsaturated oil was obtained. This was oxidised by alkaline (potassiuin hydroxide, 
1.2 g.) potassium permanganate (5%, Ivo c.c.) as above when the same dehydrohalo- 
genated compound, m.p. 75-80°, was obtained. 


Condensation of Butylchloral Hydrate with o«-Chloronaphthalene : 2: «-bis- 
(4-Chloro-1-naphthyl)-8: 8: y-trichloro-n-butane (?).—A mixture of butylchloral hy- 
drate (9.0 g.) and a-chloronaphthalene (20.0 g.) was stirred in presence of oleum (4%, 
75.0 g.) at 40°-45° for one and half hours. The crude product (18.0 g.) was washed 
well and crystallised thrice from acetone and then thrice from acetic acid, when the 
pure compound (yield 1.3 g.) was obtained as tiny, colorless needles, m.p. 164-66°. 
(Found : Cl, 36.7. C2<H,,Cl; requires Cl, 36.7 per cent). 

‘he pure compound is soluble in chloroform, carbon tetrachloride, benzene and 
petroleum ether in cold and dissolves with difficulty in boiling rectified spirit, acetone 
and acetic acid. In ether it dissolves readily on boiling. 

Dehydrohalogenation of the above compound (1.0 g.) with sodiam (0.5 g.) in 
absolute alcohol (20 c¢.c.) by refluxing the reaction mixture for ro hours furnished an 
unsaturated red liquid. ‘This was oxidised with alkaline (potassium hydroxide, 1.5 g.) 
potassium permanganate (5%, ro0c.c.) by heating on a steam-bath for an hour. 
But no definite compound could be isolated from the oxidation reaction. 

Condensation of Butylchloral Hydrate with B-Chloronaphthalene : &:%-bis-(2-Chloro- 
3-naphthyl)-8: B: y-trichloro-n-butane (?).—Butylchloral hydrate (4.0 g.) was condensed 
with 6-chloronaphthalene (8.0 g.) in presence of sulphuric acid (96%, 25 c.c.) at 30°, 
the stirring being carried on for 4 hours. The crude product (yield 11.0g.) on 
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several crystallisations from acetic acid yielded the pure compound as colorless cubes, 
yield 2.0 g., m.p. 208°. (Found : Cl, 56.4. C.,H,,Cl; requires Cl, 36.7 per cent). 

An attempt to carry out this condensation in presence of chlorosulphonic acid or 
a mixture of acetic acid and concentrated sulphuric acid did not meet with success. 
The pure compound is soluble in chloroform, carbon tetrachloride, benzene and petro- 
leum ether in coid and dissolves in cther, acetone, rectified spirit and acetic acid on 
boiling. 

The condensation product (1.0 g.), dissolved in acetone (10 c c.}, was dehydrohalo- 
genated by refluxing it with sodium ‘o.5 g.) in alcohol (2u c.c.} for 8 hours when 
an unsaturated brown liquid was obtained. An attempt to oxidise the dehydrohalo- 
genated compound with alkaline (potassium hydroxide, 2.0 g.) potassium permanganate 
(5%, 240 ¢-c.) by heating on a steam-bath for an hour was made but no definite com- 
pound could be isolated from the reaction mixture. 

Hydrolysable Chlorine Content of the Condensation Products from Benzene, 
Toluene and Bromobenzene with Butylchloral Hydrate.—Quautitative estimation 
of the hydrolysabie chlorine content was carried out in case of benzene, toluene and 
bromobenzene dicondensation products. For this purpose a weighed quantity of the 
coudensation product (about 1 g.} was dissolved in alcohol (about 20 c.c.), potassium 
hydroxide (about 2; moles per 1 mole of the substance), dissolved in minimum quantity 
of water, was added to it, and the mixture was refluxed for 4 hours. Alcohol was 
removed and the residual liquid was washed with water till free from chlorine. All 
the washings were combined together, acidified with nitric acid and the hydrolysed 
chlorine was completely precipitated as silver chloride. This was filtered, washed, 
dried to a constant weight and the percentage of hydrolysed chlorine was then cal- 
culated. 

The results given in the following table show that only one atom of chlorine is 
removed as hydrogen chloride. 

TABLE I 


Hydrolysable chlorine content of the condensation products, 
2, a-bisaryl)-8: 8: y-trichloro-n-butanes. 
Wt ofthe subs- Quantity Weight of Cl, (found) . % Chlorine if one mole 


Aryl. tance taken. of KOH AgCl. of HCI is removed. 


Phenyl 1.3160 g. 0.6 g. 0.620 g. 69 11.3% 
-12§2 0.5 0 489 7 10.4 


S 


4-Methylpoeny! I 
4-Bromopheny] 1.4412 5 0.435 é ‘ 7-5 
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SYNTHETIC INSECTICIDES. PART III. CONDENSATION OF BU'TYL- 
CHLORAL HYDRATE WITH PHENOL AND ITS ETHERS. SYN- 
THESIS OF «:2-bis-(ARYL)-8:8 : y-TRICHLORO-n-BUTANES 


By (Miss) LatikA H. Dana, AND R. C. SHAH 


In extension of the work described in the previous papers butylchloral hydrate has been condensed 
with phenol and its methy! and ethyl ethers in presence of a mixture of concentrated sulphuric and 
acetic acids, when dicondensation products of the type a:a-bis-(aryl)-8:8:y-trichloro-n-butanes are 
obtained. When the reaction was carried out in presence of concentrated sulphuric acid alone, anisole 
and pheneto'’c furnished mono-condensation products of the type a-(4-alkoxyphenyl)-8 :8 :y-trichloro- 
n-butanol. 


In continuation of the work reported in the previous communications (this Journal, 
1949, 26, 549; 1952, 29, 13), butylchloral hydrate has been further condensed with 
phenol and its methyl and ethy] ethers. 


Condensation of phenol with butylchloral hydrate could not be successfully carried 
out with the usual condensing agent, namely concentrated sulphuric acid, probably due 
to the ease of sulphonation of the former reactant. However, the reaction was success- 
ful when a mixture of concentrated sulphuric acid and acetic acid was used, furnishing 


x: 2-bis-(4-hydroxypheny])-8:8:y-trichloro-n-butane {I, R=H). Stephenson and Waters 
(J. Chem. Soc., 1946, 339) have also used a mixture of concentrated sulphuric acid 
and acetic acid for the condensation of pheno! with chloral hydrate. 


Ro >= cH ~< > R Re <—cHoH 
CCl, CCl, 
Gar CHC! 
do, cH, 


(1) (II) 


Dehydrohalogenation and subsequent oxidation of the phenol dicondensation product 
did not give any. definite compound, and hence it was first methylated. The dimethy] 
ether of the dicondensation product of phenol yielded an unsaturated oil on refluxing 
with alcoholic potassium hydroxide. This oil on oxidation with chromic acid in acetic 
acid yielded 4:4'-dimethoxybenzophenone. 


Interesting results were obtained in the case of condensations of butylchloral 
hydrate with anisole and phenetole. These ethers, when condensed in presence of 
concentrated sulphuric acid or oleum, yielded only mono-condensation products of the 
type %-(4-alkoxyphenyl)-8:8:y-trichloro-n-butanol (II, R=CH; and C,H; respectively). 
The constitutions of these compounds were proved by dehydrohalogenation and subse- 
quent oxidation to 4-methoxy- and 4-ethoxy-benzoic acids. The dicondensation p- oducts 
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from anisole and phenetole (I, R=CH; and C.H; respectively) could, however, be 
obtained when the reaction was carried out in presence of a mixture of concentrated 
sulphuric and acetic acids. Attempts were then made to further condense the mono- 
condensation product (II, R=CH;) with a mole of anisole under the above conditions, 
but without success. ‘The formation of mono-condensation product in presence of 
concentrated sulphuric acid or oleum, as well as the failure of its further condensation 
may be attributed to the insolubility of the mono-condeusation product in the medium. 

The dicondensation product of anisole could not be compared with the dimethyl 
ether of the condensation product from phenol. Hence, the dicondensation products 
of anisole and phenetole were dehydrvuhalogenated by refluxing with alcoholic potassium 
hydroxide, and the unsaturated oils obtained could be easily oxidised by chromic acid 
in acetic acid, when 4:4’-dimethoxy- and 4:4'-diethoxy-benzophenones were obtained. 
The products, hence, were “:%-bis-(4-methoxyphenyl)- and 4@;2-bis-(4-ethoxypheny])- 
8:8:y-trichloro-n-butanes (I, R=CH; and C,H;) respectively. 

As mono-condensation products were obtained in the case of anisole and phenetole, an 
attempt to prepare such a product in the ease of benzene using equimolecular quantities of 
the reagents was made in presence of sulphuric acid, but only the dicondensation product 
was obtained, no trace of the mono-condensation product having been isolated. This is 
in confirmity with the observations of Chattaway and Muir (J. Chem. Soc., 1934, 701) 
that there is a greater tendency in the case of chloral for the formation of the diconden- 


sation product than the mono. 


EXPERIMENTAL 





E 


Condensation of Butylchloral Hydrate with Phenol: +:+-bis-(4-Hydroxyphenyl)- 
B:B:y-trichloro-n-butane (I, R=H).—A mixture of sulphuric acid '96%, 30 c.c.) and 
acetic acid (15 c.c.) was added to butylchloral hydrate (40.0 g.) and phenol ‘50.4 g.) 
at 40°-45°. The reaction mixture was stirred till it was viscous (about an hour) and 
then poured over ice. The crude product that separated was washed well as usual and 
crystallised from benzene and toluene when crystals separated with one molecule of 
crystallisation of the solvents, m.p. 172° (decomp.). [Found (from benzene}: Cl, 25.4. 
C,6H,;0:Cl;, C.H,. requires Cl, 25.1 percent]. [Found (from toluene): Cl, 24.7. 
C,6H,;0.C],, CsH;CH; requires Cl, 24.2 percent]. Benzene was evolved when the 
freshly crystallised compound was heated in a dry test tube but the compound decom- 
posed before all benzene could be driven out, even at low temperatures under reduced 
pressure. 

The compound is soluble in acetone, ether, methanol, rectified spirit, absolute 
alcohol and acetic acid in cold and dissolves in hot benzene and toluene. It is insoluble 
in chloroform, carbon tetrachloride and petroleum ether even on boiling. 

The dibenzoyl derivative was crystallised from a mixture of benzene and petrol 
ether, m.p. 187-88°. (Found: Cl, 18.7. C3,H.;0,Cl, requires Cl, 19.0 per cent). 

Dimethyl Ether.—A mixture of the pure compound (1.0 g.) im acetone, anhydrous 
potassium carbonate (1.0 g.) and methyl iodide (2.5 g.) was refluxed for 24 hours; 
acetone was evaporated and the ether extract taken up. ‘The extract was washed with 
alkali and water, and the ether evaporated when an oily compound was obtained. 
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Methylation of the compound. (2.0 g.) in dilute sodium hydroxide (10%) with 
dimethyl sulphate (5 c.c.) also gave an oily product. ‘The products obtained in both 
these cases solidified when kept in a freezing mixture. ‘Thus, the methylated compound 
was a wery low melting substance similar to the dicondensation product of anisole with 
butylchloral hydrate described below. 


Dehydrohalogenation and subsequent Oxidation of the crude Methylated Product.— 
The crude product ‘1.0 g.) was refluxed with alcoholic potassium hydroxide ‘1.0 g. in 
10 c.c.) for 4 hours on a steam-bath. On working up as usual an orange coloured 
unsaturated oil was isolated. This was oxidised by chromic acid (5.0 g.) in acetic acid 
(25 ¢.c.} by refluxing the reaction mixture fer 4 hours. 4:4’-Dimethoxybenzophenone 
separated in beautiful yellow needles from alcohol, m.p. 142-43° from the ether 
extract of the reaction mixture. Bosler (Ber., 1881, 14, 328) recordsm.p. 144°. 

The oxime was obtained as co‘orless crystals from alcohol, m.p. 132.33°. Schna 
ckenberg and Scholl (Ber., 1903, 36, 654) give m.p. 133°. 

Condensation of Butylchloral Hydrate with Anisole. (1). In presence of Oleum: 
a-(4-Methoxyphenyl)-8 : 8 : y trichloro-n butanol (II, R=CH;).--Anisole (30.0 g.) 
was condensed with butylchloral hydrate (24.0 g.) in presence of oleum (5%, 30.0 g.! 
at 29°-31°, the stirring being cairied on for 2 hours. The crude product obtained on 
pouring the reaction mixture in ice was crystallised several times fromalcohol when 
almost pure compound separated iu white micro-crysials, m.p. 135-42°. Attempts to 
purify this compound further were made by crystallisations from various solvents, but 
they did not meet with success. The analysis of this compound corresponds to the 
mono-condensation product of the formula «-(4-methoxypheny])-8 : 8 : y-trichloro-n- 
butanol (II, R=CH;). (Found: Cl, 38.0. C,,H;;0.Cl, requires Cl, 37.5 per cent). 

Attempts to prepare benzoyl- and p-toluyl-sulphonyl derivatives of the condensation 
product did not meet with success. 

Dehydrohalogenation of the above compound (2.0 g.) in acetone (20 c.c.} with 
sodium {0.5 g.) in absolute alcohol (30 ¢.c.) by refluxing for 24 hours yielded a red 
unsaturated liquid. This was oxidised with alkaline (potassium hydroxide, 2.0 g.) 
potassium permanganate (5%, 200 cc.) when colorless needles of p-anisic acid, (from 
hot water), m.p. and mixed m.p. 182-54°, were obtained. Rosenmund and Struck (ber., 
1919, 52, 1754) give m.p. 184°. 

(2). In presence of a Mixture of Concentrated Sulphuric Acid and Acetic Acid : «: @- 
bis-(4-Methoxyphenyl)-8 : 8: y-trichloro-n butane (I, R=CH;).—Butylchloral hydrate 
(9.0 g.) and anisole (11.0 g.) gave a thick pasty product on condensation in presence of 
a mixture of acetic acid (15 c.c.) and sulphuric acid ‘96%, 30 c.c.) at 29°-31", the stirring 
being carried on till the mass became viscous (about an hour). On attempting. to 
crystallise the crude pasty product from rectified spirit it always separated as a thick 
oil which solidified in a freezing mixture. This was purified by washing it several times 
with rectified spirit when a thick liquid (yield 5.0 g.) was obtained. (Found: Cl, 28.0 
C,.H,.0.,Cl; requires Cl, 28.5 per cent). 

At room temperature (29°-31°) this low melting compound is a thick yellow liquid 
which decomposes on attempting to distil it even under reduced pressure. It is soluble 
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in chloroform, carbon tetrachloride, benzene, ether, petroleum ether and acetone and 
insoluble in acetic acid, rectified spirit and absolute alcohol in cold but dissolves on 
boiling. 

Dehydrohalogenation of the condensation product (2.0 g.) with alcoholic potassium 
hydroxide (2.0 g. in 20 c. c.! by refluxing it for 4 hours on a steam-bath and subsequent 
oxidation of the unsaturated red liquid by refluxing with chromic acid (5.0 g.) in acetic 
acid (20 c.c.) for 4 hours yielded 4 : 4’-dimethoxybenzophenone in yellow needles from 
alcohol, m.p. 142-44°. Its mixed m.p. with 4: 4'-dimethoxybenzophenone obtained 
from the methyl ether of the condensation product of phenol with butylchloral hydrate 
was undepressed. Oxime, m p. and mixed m.p. 132-33°. 

Attempts to prepare the above dicondensation product (I, R=CH;) from the mono- 
condensation product (II, R=CH;: by condensing the latter (10.0 g.) with a further 
quantity of anisole (10.0 g.) in presence of a mixture of acetic acid ‘10 c.c.) and sulphuric 
and {100%, 87.0 g.) at 29°-31° by stirring the mixture for about 2 hours as well as 
in presence of a mixture of the same acids (acetic acid, 8 ¢ c.+ sulphuric acid, 95% 
26.5 c.c.) by keeping it corked at 29°-31° for five days, did not meet with success. In 
both the cases the unchanged mono-condensation product was recovered. 

Condensation of Butylchloral Hydrate with Phenetote: (1). In presence of Oleum: 
a-(4-Ethoxyphenyl)-8 : 8: y-trichloro-n-butanol ‘II, R=C,H;).—As in the case of anisole, 
phenetole (38.5 g.) was condensed with butylchloral hydrate (24.0 g.)in presence of oleum 
(24%, 100.0 g. + sulphuric acid 95%, 100.0 g.) at 30° 32°, the stirring being carried 
on for about an hour, yielding a mono-condensation product (crude yield, 25.0 g., 
m.p. 55-65°) which after several crystallisations from alcohol separated in white micro- 
crystals, m.p. 10§°-11°. It could not be further purified by crystallisations from other 
solvents. The analysis of this compound corresponds to the mono-condensation product 
of the formula «-(4-ethoxyphenyl)-8 : 8 : y-trichloro-n-butanol (II, R=C,H,). (Found : 
Cl, 35-7- Cy ,2H,,0.Cl; requires Cl 35.7 per cent). 

It is soluble in ether, petroleum ether, benzene, toluene, acetone, chloroform, carbon 
tetrachloride and carbon bisuiphide in cold, while it dissolves in ethyl alcohol and n- 
propyl alcohol on boiling. 

The crude dehydrohalogenated product obtained by refluxing the above compound 
(2-0 g.) im acetone (20 c.c.) with sodium (0.5 g.) in absolute alcohol (25 c.c.) for 8 hours 
was oxidised with alkaline (potassium hydroxide, 2.0 g.!} potassium permanganate (5%, 
200 c.c.) when colorless needles of p-ethoxybenzoic acid, (from hot water), m.p. and 
mixed m.p. 18 «-190°, were obtained. Ladenburg and Fitz (Annalen, 1867, 141, 254) 
record m.p. 195°. 

(2). Im presence of a Mixture of Concentrated Sulphuric Acid and Acetic Acid: 
a: &-bis-(4-Ethoxyphenyl)-8: 8 : y-trichloro-n-butane (I, R=C,H;)!.—Condensation of 
butylchloral hydrate ‘9.0 g.) and phenetole (12.0 g.) was carried out in presence of a 
mixture of acetic acid (15 c.c.' and sulphuric acid (96%, 30 c.c.) at 30°, the stirring 
being carried on for 3 hours. The crude pasty product obtained on working up as 
usual, on attempting to crystallise from alcohol, yielded a thick oil which solidified in 
a freezing mixture. So the product was purified by washing it several times with 
rectified spirit when an orange coloured thick oil was obtained. (Found: Ci, 27.1 
C.6H.30;Cl, requires Cl, 26.4 per cent). 
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At room temperature (30°} the substance is a thick orange iiquid which decomposes 
on attempting to distil it even under reduced pressure. It is soluble in ether, acetone, 
chloroform, carbon tetrachloride, benzene, petroleum ether and difficultly soluble in 
acetic acid and rectified spirit in cold but dissolves on boiling. 

Dehydrohalogenation of the above compound (2.0 yg.) as usual with alcoholic 
potassium hydroxide (2.0g. in 20¢c.c.) yielded an unsaturated red liquid which was 
oxidised with chromic acid (5.0 g.) in acetic acid (25 c.c.) by refluxing for 4 hours. 
4:4'-Diethoxybenzophenone obtained from the reaction mixture was crystallised from 
rectified spirit, m.p. 128-30°. Montagne (Rec. trav. chim., 1922, 44, 703) gives 
m.p. 132°. 

2:4-Dinitrophenylhydrazone was obtained as bright orange crystals from alcchol, 
in.p. 174-75°- (Found: N, 12.1. C2s3H2.0.N, requires N, 12.5 per cent). 
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ESSENTIAL OIL FROM HYMENATHERUM TENHIFOLIUM, CASS. ISO- 
LATION OF HYMENTHERENE, A NEW ACYCLIC MONOTERPENE 


By U. G. NaAyaK, SuKH Dev AND P. C. GUHA 


Steam distillation of the plants of the Mexican variety found here in Bangalore gave an essential 
oil in a yield of o.12% and was found to contain chiefy of ‘‘Hymentherene’’, a new acyclic mono- 
terpene which formed nearly 50% of the oil. The hydrocarbon has been shown to have the siructure: 
Me,C=CH.CH=CH.CH (Me). CH=CH, 


Hymenatherum tenhifolium, the Mexican variety, is not indigenous to India. 
Though it is widely distributed in Bangalore, still it is an introduced plant from Mexico. 
It belongs to the Natural Order of Compositae. 

It is an erect, slender, diffusely branched annual herb. The leaves are 
alternate, highly dissected and narrow, and green in colour with an aromatic odour. 
The maximum height to which the plant can grow up is about 8 to ro inches. 

The flowers which are arranged in typical heads, quite characteristic of the family 
are borne on long peduncles and are terminal in position. 

The heads are hetreogeneous with distinctly separate ray florets and disc florets, the 
former being conspicuously yellow in colour. ‘The involucre of bract which is green and 





conspicuous, persists at the apex of the peduncle as a dry, brownish cup even after the 
flower has dried up. The use of the plant and of its oil is not yet known. This plant 
with an highly aromatic odour is widely distributed in Bangalore and so with a keen in- 
terest of studying the essential oil from it, the specimens of the plant were sent to the 
Coimbatore Herbarium and the Royal Botanical Gardens, Calcutta. The curators of both 
the Harbaria have identified the specimen as ‘Hymenatherum tenhifolium’ (Cass) of 
Mexico. 

Steam-distillation and Isolation of the Oil.—About 823 lbs. of the plants were steam 
distilled and about one pound of the oil was obtained, the average yield of the oil being 
0.12% calculated on the fresh whole plant. 

The following tabie gives the quantities of the material distilled at a time and the 
yield of the oil, the material being collected at various periods of the year. 


TABLE I 
Period of the Weight of Yield. » Yield 
vear wet herb. - on wet herb. 
6-11-1948 68 Ibs 60 g 0.20 
7-11-1948 74 58 0.174 
15-11-1948 100 75 0.166 
22-11-1948 117 87.5 0.165 
21-3-1949 100 45 0.095 
14-4-1949 102 38 7 0.085 
14-6-1949 107 37 3 0.077 
17-65-1949 . 150 48 0.071 





Total 823 Ibs 149-5 g- Average 0 12 % 
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Average % yield on wet herb for the month of November was 0.176 and for Tune, 
0.07. 

It is quite clear from the above table that the plant flourishes very well in the 
month of November, and is quite mature for harvesting. It has also been observed that 
the oil is very highly volatile and it may be due to this fact that essential oil content of the 
plants during hot months is less than that in November which is the winter period in 
Bangalore 

Analytical Constants of the Oil.—The oil distilled from the plants of Hymenatherum 
tenhifolium was yellowish in colour and had the following properties 


1. Sp. gr. at 24° «+. 0.8130 1 Sapon value ie ooo 20.67 
2. Refrac. Index at 24.5° -- 1 4712 5- Sapon value after acetvlation  ... 83.9 
3. Optica! rotation m= 8.06 6 Acid value 0.2 


Fractionation of the Oil.—Fractionation of the oil was carried out with a small 
quantity at atmospheric pressure and the oil was found to be distilling between 160° and 
280°. It was observed that the oil, if fractionated at atmospheric pressure, was polymeri- 
sing. More than 75% of the oil distilled between 160° and 180° and nearly 60 % of the 
oil distilled at 160°-170°. As the oil polymerised while distilling at atmospheric pressure, 
fractionation had to be carried on under reduced pressure. 


The oil was carefully fractionated using an efficient 30 inches long Vigreux column 
of the partial condensation take-off type. As many as ten fractions were collected at 
reduced pressure, five of which were collected below 90° at 25 mm. and they form nearly 
75% of the oil. In these fractions there was a hydrocarbon fraction which consisted 
mainly of a new acyclic monoterpeue and formed the main constituent of the 
oil. On investigation it was found to be a new open-chain monoterpene. The molecular 
refraction for the terpene was observed to be 47.31 and the calculated value for C,.H,,'> 
was 46.87. This exaltation in the molecular refraction suggested the presence of a pair 
of conjugated double bonds. This fact was further strengthened when tiie terpene gave 
with maleic anhydride an adduct of mp. 113-14°. This adduct on hydrolysis 
with sodium hydroxide gave a dicarboxylic acid, C,,H2O., m.p. 94-95°. Also on 
reduction with sodium and alcohol the hydiocarbon gave a dihydro compound, C,,H,, 
which gave a tetrabromide, m.p. 63-64°. Thus, it was shown to be different from 
dihydromyrcene whose tetrabromide melted at 87-88°. Now, the only other open-chain 
monoterpene containing an asymmetric carbon atom, reported in the literature, is cry- 
ptotaenene isolated from the oil of cryptotaenene japonica, Hassk. This hydrocarbon is 
dextro-rotatory (+ 2°.66), whereas the new hydrocarbon, now isolated and for which the 
name Hymenthereue is proposed, is laevo-rotatory (—6°.04) and represents a new acyclic 


monoterpene. 

In order to gain further knowledge about the structure of the terpene, ozonalysis 
of the hydrocarbon has been carried out. The presence of formic acid and oxalic acid 
and acetone as products of ozonalysis has been established. Taking into consideration 
these facts and making use of the familiar isoprene rule, theoretically as many as seven- 
teen structural formulae are possible out of which seven do not contain avy asymmetric 
carbon atom, and hence cannot explain for the optical activity of the hydrocarbon. Of 
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the remaining ten structural formulae, which though explain for the optical activity of 
the hydrocarbon, nine of them do not explain for the degradation products like formic 
acid, oxalic acid and acetone. The only one structural formula (I) fully explains fo, 
the optical activity of the hydrocarbon as well as for the degradation products obtained 


on ozonalysis. Hence, structure (i) has been assigned to this new open-chain monoterpene. 
| CH,y, ; Ps 
PC=CH.CH=CH.CH -CH=CH, 
CH; | 
CH; 
(1) 


EXPERIMENTAL 


About 426 g. of the oil were fractionated carefully using an efficient, 30 inches 
long Vigreux column of the partial condensation take-off type, and ten fractions were 
collected and their analytical constants noted (Table IT). 





TABLE IT 
Fractions. Yield. ass. np [a]p?® Sap Sap. value Acid Colour. 
value. (after value. 
acetyln) 
1. 73°-75°/28 mm 53-0 g. v.80418 1.4714 -8°.72 _ 4.69 0.7 Colourless 
2. 75°-77°/28 208.5 0.80181 1.4721 -7°.27 3-76 5.679 0.2 i 
3. 77°-80°/28 28 0.80247 1.4745 -13°.05 6.8 19.7 0.3 os 
j. 80°-85°/28 22.7 0 80478 1.4766 -15°.83 3-69 42.33 0.41 - 
5. 85°-go°/28 11.5 0.81242 I 4730 -16° 08 24.08 69.79 — " 
6. 77°-85°/3-4 23-5 0.84204 1.4462 -1°.42 41.33 169.5 _ Yellow 
7. 85°-90°/3-4 18 0.84309 1.4495 -2°.64 37-31 86. _ - 
8. 110°-120°/6 5 0.86780 1.4760 -7°.74 46.51 73.5 — - 
9g. 120°-140°/6 14.9 0.89000 1.4950 -4°.28 36.09 69.82 _ " 
10. 140°-160°/6 12.2 0.94078 I 4972 -12°.98 17.61 81.47 a om 
Residue. 30 





Refractionation of the Fraction 73°-75°/28 mm. and 75°-77°/28 mm.—The fractions 
iand 2 in Table II were mixed together and carefuily fractionated again using the partial 
condensation und take-off type Vigreux column and three fractions were collected at 
64 mm. pressure and their analytical constants noted. 


Tasie III 
2 724 
Fractions. Yield d3i. -% [er - 
1. 84°-87° 38g 0.80468 1.4698 -7°.5 
2.  §7°-89° 152 0.80162 1.4702 —5°.90 






89°-go° 41.0 0.80260 1.4720 —7°.76 


4--1801P—1. 
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This fraction 87°-89°/64 mm. was then again fractionated over metallic sodiuin and 
collected. It had the following characteristics: 


Boiling point at 86 mm. és 94 5-95.5°. 
Specific gtavity at 25° at 0.8014 
Refractive index at 25° oss 1.4603 
Optical rotation bie -6°.04. 


Now to make sufe of the purity of the hydrocarbon and also of its optical rotation, 
the fraction was again fractionated over sodium and as many as seven fractions were 
collected at the same temperature. They had the following properties. 


TABLE IV 

Fractions. np’, La]}p%. 
T. 94.5°-95.5°/86 mm. 1.4693 6° 08 
2. 94 5°-95.5°/86 1.4693 6° .08 
3- 94-5°-95 5°/86 1.4693 -6°.06 
4. 96°—96.5°/87 1.4693 -6°.04 
5. 96°—96.5°/87 1.4693 -6°.04 
6. 96°—95.5°/87 ; 1.4693 -6°.06 
7. 96°—97°/87 1.4695 6°.24 


It is clear from the above analytical constants that all the fractions consist of the 
same constituent and thus assures us of its purity. The very low density of the hydro- 
carbon suggests of its high unsaturation, probably containing three or more double 
bonds. 

The hydrocarbon fraction on combustion gave : C, 87.86; H, 11.76. C,,H,. requires 
C, 88.24; H, 11.76 per cent. 

Also the molecular weight determination by Rast’s camphor method (Scott, 
“Standard Methods of Chemical Analysis’, Vol II, 1942, p. 2533) gave a value of 132, 
thusnearly agreeing with that of monoterpene of the formula C,,H,,.. Again, estimation 
of double bonds gave a value of 2.4. Molecular refraction observed was found to be 
47.31, whereas the calculated value for C,,>His3 was 46.87. This exaltation in 
molecular refraction was probably due to conjugation. Also the hydrocarbon was 
found to be quite unstable, undergoing polymerisation easily on standing. ‘This was 
perhaps due to the presence of conjugated system of double bonds. 

Tests for Coujugation: Preparation of the Maleic Anhydride Adduct.—Maleic 
anhydride (9.8 g.) was mixed with the terpene (13.6 g.) in about 50 c.c. of absolute 
benzene and refluxed on a water-bath for about 2 to 3 hours (cf. Diels and Alder, Annalen, 
1929, 470, 65). After the reaction was complete, benzene was distilled off on a 
water-bath. After a greater portion of benzene was removed, petroleum ether (b.p. 
40°-60°) was added when the adduct precipitated out. This was filtered, washed 
with petroleum ether and again dissolved in absolute benzene and precipitated with 
petroleum ether, filtered, washed and dried, yield 8.5 g., m.p. 113-14°. 

Preparation of the Acid from Maleic Anhydride Adduct.—About 4 g. of the adduct 
was dissolved in 20% solution of sodium hydroxide and refluxed for about half an hour 
‘cf. Diels and Alder, loc. cit.). Then when it was cool, it was neutralised with hydro- 
chloric acid when the acid crystallised out immediately in shiny glistening leaflets 
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which were filtered, washed with ice-cold water and recrystallised from hot water, 
m.p. 94-05°. (Found: C, 66.8; H, 7.9 Ci4H. 0, requires C, 66.6 ; H, 7.9 per cent). 


nd 





























Reduction with Sodium and Alcohol.—’The terpene (13.6 g.) was dissolved 
in 92 g. of alcohol in a 500 c.c. flask, fiitted with a reflux condenser. To this was then 
added 9.2 g. of metallic sodium, small quantities being added at a time down through 
the condenser. After the addition of sodium was over, it was refluxed on a water-bath 

ny for an hour or so and then mixed with a large quantity of water. ‘The reduced hydro- 
e carbon was then extracted with ether (cf. Semmler, Ber., 1901, 34, 3126}. The ethereal 
solution was washed with water and then dried over anhydrous sodium sulphate. Lther 
was then removed and the reduced terpene that was left was fractionated when a pure 
fraction was obtained, yield 9.6 g. ‘This had the following characteristics: b.p. 96.5°- 
97.5°/7omm., 58°59°/11 mm. and 67°.-€8°/17 mm. sp. gr. at 25°, 0.7849; refractive 
index at 25°, 1.4500; optical rotation, -6°.16. 

From the analytical constants it was clear that the terpene was easily reducible 
with sodium and alcohol, thus further supporting the presence of conjugated double 
bonds The reduced hydrocarbon on combustion gave: C, 86.8; H, 13.06. C, His 
requires C, 86.96; H, 13.04 per cent. 

Estimation of Double bonds by Rosenmund and Kuhnhenn’s Method: Reagent.— 
Pyridine (8 g.) and sulphuric acid (10 g.) were added to 20 c.c. of pure glacial acetic acid. 
, Bromine (8 g.) was dissolved in 20 c.c. of glacial acetic acid. These two solutions were 
: mixed together and the total volume made up to 1 litre with glacical acetic acid (cf. 

J. Soc. Chem. Ind., 1924, 48, B23). 

The reduced terpene (0.1116 g.) was weighed in a 250c.c. stoppered conical flask 
and dissolved in 10 c.c. of pure chloroform. Then 80 c.c. of the reagent were added 
to the flask, stoppered with a stopper moistened with potassium iodide solution. ‘The 
reaction was allowed to proceed in the dark for about 10 minutes and the excess of 
halogen was determined by adding 200 c¢.c. of water and 20 c.c. of 10%. solution 
of potassium iodide and titrating it to a starch end-point with 0.9872 N/10 sodium thio- 
sulphate solution. A blank experiment was also carried out side by side under similar 
conditions. The blank solution -equired 76 c.c. of 0.9872 N/10 sodium thiosulphate, and 
the experimental solution required 30.9 c.c. of 0.9872 N/10 thio. The iodine value was 
then calculated using the formula 





‘ 


. .2 x (blank — titration) x 100 
lod lye =2:23 =" oo 
nna sub. X vol. of Na2S,0;(=0.2 g. of J.) 





Iodine value calculated in accordance with the value obtained was found to be 518, thus 
proving that four atoms of bromine were being used up by one molecule of the redticed 
hydrocarbon. Thus, it was clear that the reduced hydrocarbon, C,,.H;s,, contained only 
two double bonds. Also, the molecular refraction observed was 47.22 and molecular 
refraction calculated for C,,Hisig was 47.258, thus fully agreeing with our estimation 
of two double bonds in the reduced hydrocarbon, C,.H)s. 

Preparation of the Tetrabromide (C,,.H,sBr.).—The reduced terpene (3 g.) was 
dissolved in 10 ¢.c. of ether and 5 c.c. of amyl alcohol, and cooled in a freezing mixture. 
‘To this was added bromine in small quantities until it decolorised bromine no more. 
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The contents were shaken regularly after each addition and then allowed to rest when 
after some time fine crystals of bromide appeared (cf. Parry, ‘Chemistry of Essential 
Oils’’, Vol IT, 1922, p. 78). It was allowed to remain in the freezing mixture for about 
15 minutes and then filtered. Then it was dried between the folds of a filter paper and 
recrystallised from hot alcohol, filtered and dried, m.p. observed was 63-64°. 

Preparation of the Tetrachloride-—-The reduced terpene (6.9 g.) was mixed with 
0.2 g. of benzoyl peroxide and cooled in a freezing mixture. ‘To this sulphury! chloride 
(13.1 g.) was added slowly from a dropping funnel. After the reaction was over the 
liquid product was distilled ‘cf. Bloomfield, J. Chem. Soc., 1944, 114). This distilled 
product was found to crystallise in a freezing mixture but melted even before it attained 
the room temperature. Cold filtration was also tried but was of no avail. Hence the 
m.p. of the solid could not be found out. The liquid product distilled (yield 6 g.) had 
b.p., 138°-139° at 8 mm. and refractive index at 26° = 1.4980. 

Hydration of the Terpene.—The hydrocarbon (14 g.) was mixed with 44 g. of glacial 
acetic acid and 0.28 g. of 50% sulphuric acid and heated ona water-bath to 40° 
for about 3 hours (cf. Finnermore, ‘“The Essential Oils’’, 1926, p. 528). It was then 
removed and mixed with large quantities of water and the ester separated. ‘The ester 
was extracted with ether and dried over anhydrous sodium sulphate. The ether was re- 
moved and the ester was distilled at reduced pressure, yield 6.6 g. ‘This ester had b.p., 
at 10 mm. = 109-110”, sp. gr. at 25°=0.91532, refractive index at 25°= 1.4664 and sap. 
value = 245.8. 

This ester was then saponified and the alcohol liberated was extracted with ether 
and dried over sodium sulphate. Ether was then removed and the alcohol distilled. It 
had b.p. at 10 mm. = 82-833°, refractive Iudex at 25° = 1.4752 and specific gravity = 
0.8720. Attempts were then made to prepare the phenylurethane derivative but no solid 
derivative could be obtained. 

Ozonisation and the Study of the Degradation Products.—After making a prelimi- 
nary study of the terpene by preparing its derivatives, ozonalysis was carried out in order 
to gain further knowledge about its structure. The terpene was taken in pure carbon 
tetrachloride solution and ozonised for 36 hours. The terpene was found to be quite 
unstable and nearly 40 to 50% of the terpene was found to be polymerising while 
carrying on ozonalysis. ‘However, formaldehyde ~vas detected as one of the degradation 
products by preparing its dimethone derivative, m.p. 189°. ‘The ozonised product after 
removing the carbon tetrachloride was decomposed with water and steam distilled, and 
both formic acid as well as acetone were identified as products of degradation. Acetone 
was identified by the preparation of the iodoform, m.p. 119° and 2:4-dinitrophenyl- 
hydrazone, m.p. i28°. ‘In addition to formic acid and acetone, oxalic acid was also 
isolated and characterised as one of the degradation products in the non-volatile portion 
of the aqueous solution. Taking into consideration these data from ozonalysis and also 
about the optical activity of the terpene, making use of the familiar isoprene rule, the 
only possible structure for the terpene has been assigned. 
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PHYSICO-CHEMICAL STUDIES ON THE COMPOSITION OF COMPLEX 
METALLIC FERRO- AND FERRICYANIDES. PART X. CONDUCTO- 
METRIC AND THERMOMETRIC STUDIES ON THE COMPOSI- 
TION OF ZINC FERRICYANIDE 


™ By Harisu C. Gaur AND A. K. BHATTACHARYA 


The composition of zinc ferricyanide has been studied by conductometric and thermometric titrations 
of zinc sulphate and potassium ferricyanide. ‘The titrations have been carried out in direct and reverse 
ways. The composition has been arrived at by comparing the theoretically calculated titre values with 
those observed by conductometric and thermometric methods. The discrepancies between the oleserved 
and calculated titre values in aqueous and aquo- alcoholic media have been attributed to be due to 
the hydrolytic’and adsorptive nature of the precipitated zinc ferricyanide. The composition arrived at 
is Zns(Fe™Cy¢) >. 

In continuation of our studies on the composition of complex metallic ferro- and 
ierricyanides (this Journal, 1947, 24, 487, 499; 1048, 25, 27, 185, 191, 220, 344; 1049, 
26, 46; 1950, 27, 251; Curr. Sci., 1950, 19, 76) the composition of zinc ferricyanide 
has been studied by conductometric and thermometric methods. 


EXPERIMENTAL 

‘Analar’ (B.D. H) reagents were used. Zinc was estimated as zinc ammonium 
phosphate. Potassium ferricyanide solution was estimated iodometrically by titrating 
against standardised solution of sodium thiosulphate. 

Using different concentrations of the solutions of zinc sulphate and potassium 
ferricyanide, conductometric and thermometric titrations were carried out by direct 
and reverse methods, i.e., when zinc suiphate from the burette was added to potassium 
ferricyanide taken in the conductivity cell or thermos flask, and vice versa. ‘The titra- 
tions were performed both in aqueous and aqueous-alcoholic media, the maximum 
alcoholic concentration in the latter case being 20% by volume. 

M/4.706-ZnSO, will be referred to as A/1-ZnSO, solution, and M/5.08-K;,FeCy, 
as A/1-K;FeCy, solution. 


TABLE I 
Direct conductometric titrations. Reverse conductometric titrations 
A/\-ZnSO,4 +A/10-K3FeCyg. A/2-K3FeCyg+A/10-ZnSQ,. 
Conc ratio (m)=10 :1. Conc. ratio (m)=5:1. 
A/1o-K3FeCyg Alcohol Egquiv.vol.of Curve No A/10-ZnSO, Alcohol Equiv. vol of Curve No. 
in the cell. added. A/10-ZnSQ,4. in the ceil added A/10-K3FeCyg. 
(v) {[n(v,/v)10] (v) [n(v,/v)10] 
10 C.c 0.0 cc. 14.10 C.c. I 10 C.c. 0.0 C.c. 6.75 Cc. 7 
9 1.0 13.80 2 rs) 10 7-32 8 
8 20 13-75 3 8 2.0 7-50 9 
A/2-ZnSO,4 + A/10-KyFeCyg. A '4-K3FeCyg+ A/t10-ZnSQ,. 
Conc. ratio (m)=5:1. Conc. ratio (mn) =2.5 :1. 
1ocec 0.0 C.c. 14.10 C.c 4 10 C.c. 00 C.c. 6.80 c.c. 10 
9 1.0 13.89 ~ 9 1.0 7-32 1I 


8 2.0 13 75 6 ere 2.0 7:37 12 
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TABLE II 
Direct theromometric titrations. Reverse thermometric titrations 


A/1-ZnSO, + A/10-K3FeCye. A/2-K3FeCyg + A/10-ZnSO,. 
Conc ratio (nm) =10:1. Conc. ratio (m)=5:1. 


A/1o-K3FeCyg Alcohol Kquiv. vol of Curve A/1o-ZnSO, Alcohol Equiv. vol of Curve 
in the cell. added. A/10-ZnSO3. No inthe cell. added. A/10-K,FeCys No. 


(v) [n(v,/v)20] (v) [n(v,/v)20]. 
0.0 ¢.c. 28.0 C¢.c. 23.5 G2. 
2.0 27.78 2.0 14.65 
21 


16 40 27.5 4.0 14-75 

A/2-ZnSO, + A/10-K,FeCyg. A/4-K,FeCyg + A/10-ZnSO,. 
Conc. ratio (m)=5:1 Conc. ratio (n)=2.5:1. 

20 C.Cc. 0.0 C.c. 28.20 16 0.0 C.c. 13.60 c.c. 

18 . 2.0 27.78 17 18 2.0 14.55 


16 4.0 27.50 18 16 4.0 14.75 


DiscvussirO0ON 


From the strengths of the zinc sulphate (M/4.706) and potassium ferricyanide 
(M/5.08), the calculated titre equivalents for 10 c.c. of the titrant for the formation of 


the more probable compounds are given below. 
Formula 


KZn (Fe™Cy,, Zn; (Fe™ Cy). 
Direct titrations ve 9.24 C.c. 13.85 C.c. 
zinc sulphate solution. 
2. Reverse titrations a 10.9 C.c. 7-26 C.c. 
potassium ferricyanide solution 


The observed titres by conductometric and thermometric titrations (Tables i and II) 
by direct and reverse methods correspond approximately to the calculated equivalent 
for the formation of the compound Zn; (Fe™' Cy¢). 

The theoretical titre values in the aqueous medium are higher than the calculated 
one in the case of direct titratons, and are lower when the titrations are performed in 
the reverse way. When the titrations are performed in presence of alcohol, the observed 
titre values, both in the case of direct and reverse titratiors, become closer to the 


calculated equivalent. 
The nature of the discrepancies between the observed and the calculated titre values 


in this case are similar to those observed in the case of copper, cadmium, and cobalt 
ferricyanides (loc. cit.), and they can be explained in a similar way, i.e., due to the 
hydrolysis of the precipitate of zinc ferricyanide formed during the course of titration, 
and also due to adsorption of the reacting ions by it. 
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Experiments have been carried out to determine the quantitative hydrolysis of zinc 
: me a 
ferricyanide sol at several dilutions, and also the adsorption of Zn" and FeCy,’” ions by 


it. The results will shortly follow. 
Fig. 5 
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Thus, on the basis of conductometric and thermometric studies we can conclude 
that tlie composition of zinc ferricyanide corresponds to Zn; (Fe™ Cye)s 
Fig. 6 
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Thanks of the authors are due to Dr. S.S. Deshapande for his kind interest in 
the work. 
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POTASSIUM META-PERIODATE AS VOLUMETRIC REAGENT. PART I. 
DIRECT DETERMINATIONS 


By BALWANT SINGH AND APAR SINGH 


Potassium meta-periodate has been used as the oxidising reagent in the volumetric estimation of 
KI, Hg,Cle, SnCl,, KCNS, FeSO,, hydrazine sulphate, sodium arsenite and tartar emetic. 


Potassium meta-periodate reacts with potassium iodide, mercurous chloride, stannous 
chloride, potassium sulphocyanide, ferrous sulphate, hydrazine sulphate, sodium arsenite 
and tartar emetic in presence of concentrated hydrochloric acid in accordance with the 

* equations : 


KIO,+ 3KI+8HCl = 4KC1+4ICl+4H.,0 
KIO, + 3Hg.Cl, + 8HCl KCl +1ICl+6HgCl, + 4H,0 


KIO, + 3SnCl, +8HCi = KCl+ iCl+ 3SnCl,+4H,0 

KIO,+KCNS+HCl = K,SO,+ICI+HCN 

2K10,+12FeSO,+22HCl = 2KCl+2ICl+ 3Fe.(SO,); + 6FeCl, 
+3H,S0,+8H,0 

2K10,+ 3N.H,+4HC1 = 2KCl+2ICi+3N,+8H,0O 

KIO,+3Na;AsO,;+2HCl = KCI+ICi+3Na,AsO,+H,0 

2KI10,+ 38b,0,; + 4HCl = 2KCl+ 2ICl+ 3Sb,0, + 2H,O 


In the present investigation an attempt has been made to confirm the above reactions 
by the quantitative determination of these substances by a volumetric method, using 
potassium meta-periodate as an oxidising agent. 


EXPERIMENTAL 


Potassium meta-periodate was prepared by the method of Bahl and Singh (this 
Journal, 1940, 17, 167). 

A known amount of each substance was taken in a conical flask and about 25 c.c. 
of water, 60 c.c. of concentrated hydrochloric acid and 5 c.c. of chloroform added to it. 
The mixture was cooled to room temperature and titrated against standard potassium 
meta-periodate. The reagent was added from a burette until the solution, which at first 
was strongly coloured with iodine, became pale brown. The conical flask was then 
stoppered and vigorously shaken ; the chloroform layer acquired purp!e colour due 
to iodine. Addition of small volumes of the meta-periodate solution was continued, shaking 
vigorously after each addition, until the chloroform layer was faintly violet. ‘The meta- 
periodate was then added dropwise, with shaking after the addition of each drop, until 
the chloroform layer changed its colour from violet to pale yellow due to the formation 
of iodine monochloride. The end-point was very sharp. 

In these titrations, normality of the solution with respect to hydrochloric acid was 
kept between 4N to 7N even at the end-point, except in the case of arsenic and antimony 














compounds where the acidity was not more than 5N. Several titrations were 
performed in each case. From the volume of potassium meta-periodate used, correspond- 
ing to the end-point in each titration, the amount of each substance was calculated. 


POTASSIUM 


META-PERIODATE 


The results are given in the following tables. 


KI taken. 


0.0830 g. 
0.1909 
0.2241 
0.2490 
0.3901 


Potassium iodide 
(1 c.c.M/60-KIO4=0.00829 g. KI) 


M/60-K10, 


used. 


10.05 C.C. 


23.00 
27.00 
30.00 
47-10 


Hydrazine sulphate 
(1 c.c M/60-KIO,=0.0 325 g. 
NH}2.NH, H,S0,) 


Hvdrazine M/60-K10, 


su!phate 
taken. 


0.0325 g- 
0.0650 
0.0845 
0.1300 
0.1625 


Hydrazine 
used. sulphate 
found. 

10.00 ¢.c 0.0325 & 
20.05 0.0651 
26.10 0.0847 
40 I5 0.1304 
50.00 0.1625 


Sodium arsenite 


taken. 
0.0960 g, 
0.1440 
0.1632 
0.1920 
0.2400 


0.3552 


KI found. 


0.1909 
9.2249 
0.2489 


TABLE I 


Mercurous chloride 


(t c.c. M/60-KIO,=0.02362 g. (1. c.c. M/60-KIO4=0 0113 g. SnCly. 


Hg,Cl,) 
Hg,Cl, M/60-KI¢ 4 Hg,Cl 
taken. used found. 
0.0834 2. 0.3000 g. 1270CC. 0.2999 8 
© 5000 21.1§ 044996 
0.6009 25.30 0.5977 
0.7500 31 90 0.7500 
1.000 42.30 0.9994 


0.3908 


Sodium arsenite and tartar emetic. 


M/60-K10. 


used. 


9.95 Cc. 


15.00 
17.CO 
20.00 
24.95 
37-05 


Potassium sulpbccyanide 
(1 c.c. M/80eK104=0.001213 g. 
KCNS) 
KCNS M/80-KIO, KCNS 
taken. used found. 


0.02432 19.90 C.c. 0.0241 g. 


0.0315 25.95 0.0315 

0.0364 29.95 0.0363 

0.0432 35-70 0.0433 

0.0558 45-70 0.0554 

0.0606 49-75 0.0604 
TABLE II 


Sodium arsenite Tartar emetic 


found. taken. 
0.0955 g- 0.1670 g. 
© 1439 0 4502 
0.1631 0.3507 

0 1919 0.4676 

0 2394 © 5845 
0.3555 0 8350 


(1.0 c.c. M/60-K104=0.009596 g. Nas3AsQO3) 
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Stannous chloride 


2H,0) 
SnCly M/€o0-KIO, SnCl, 
taken. used. found. 
0.0789 g.- 7-00 C.c. v.0791 
0.1184 10.50 0.1185 
0.1658 14.60 0.1650 
0.2131 18.90 0.2136 
0.2800 24.70 0.2791 
0.3775 33-40 0.3775 


Ferrous sulphate. 
(1 c.c M/80-KTO4=0.02084 g. 
FeSO,, 7H,0) 
FeSO, M/80-KIO, FeSO, 


taken. used. found. 


0.2085 8. 10.05C.C. 0.2094 g. 


0.2711 13.00 0.2709 
0.3544 17.10 0.3543 
0.4170 20.10 0.4188 
0.5637 27.20 0.5648 
0.8340 40.00 0.8336 


M/60-KIO, ‘Tartar emetic 


used. found. 
10.05 ¢.c. 0.1677 
15.00 0.2503 
21.00 0.3505 
28.00 0 4674 
35.00 0.5842 
50.00 0.8345 
1.0 c.c. M/60 KIO4=0.1669 g. 
CHOH COOK 





) 





4 Hal 
CHOH COO (SbO) 
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From the above results it is concluded that potassium meta-periodate reacts quanti- 
tatively with potassium iodide, mercurous chloride, stannous chloride, hydrazine sulphate, 
potassium sulphocyanide, ferrous sulphate, sodium arsenite and tartar emetic in presence 
of concentrated hydrochloric acid. These substances can be estimated by a volumetric 
method, using potassium meta-periodate as an oxidising agent. 

The authors are indebted to Dr. Vishwa Nath, Principal, Government College, 
Hoshiarpur, for providing facilities for the research work. 


PanjaB UNIVERSITY, 


GOVERNMENT COLLEGE, Received August 11, 1951. 
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ic APPLICATION OF MIXTURE LAW TO PARACHOR WHEN SAME SOLUTE 
IS DISSOLVED AS A SOLID AND AS A LIQUID 

=e 


By S. G. KHANDEKAR, B. L. PATHAK AND W. V. BHAGWAT 


The variation of the application of Hammick and Andrew's mixture law to parachor has been investi- 
gated when the solute is a solid and when itis aliquid. Low melting substances such as urethane, 
p-nitrotoluene, p-dichlorobenzene and benzophenone have been taken and their parachors in pure liquid 
state and in the dissolved state, above and below the melting temperature, compared. For urethane the 
parachor is found to be independent of the state of the substance. In case of water as a solvent, however, 
straight line mixture law seems to be applicable. Jn case of p-nitrotoluene the results are low in solution 
both when the temperatures are below and above the melting point. For benzophenone and p-dichloro- 
benzene, the mixture law gives low results in solution for the solid state. 


Hammick and Andrew (J. Chem. Soc., 1929, 755) have shown that the mixture law 
can be used to find out the parachor of liquids in liquid mixtures. 

Ray (this Journal, 1934, 11, 671; 10935, 12, 248), Kaveeshwar, Deshapande and 
Bhagwat (ibid., 1942, 19, 225) observed that the parachor in dissolved state was generally 
lower when solids were employed. 


TABLE I 





Parachor of urethane in different solvents. 
1. Parachor values below the m. p. (solid state). 


Chloroform (t) Benzene (2) Acetone (3) Alcohol (4) 
Ln, —— —_~__- -- -——_- - — ee ee ee, 
Temp. 31° 23° 23° 27°. 9$7-5° 35° 21° 22° 39° 19.5° 19.1° 19 6° 


x 0.3859 0.3941 0.4519 0.2510 0.3793 0.3863 0.2811 0.3423 0.3779 0.1937 02241 0.2374 
Px 189.0- 188.3 191.4 206.7 206.8 206.4 206.7 207.2 207.3 2068 206.7 206.9 


Water (s) 





Temp. 23.2° 22.5° 24.3° 24.6° 30° 17.5° 20.3° 
x 0.1152 0.1277 0.1320 0.1599 0.1901 0.1956 0.2523 
px 139-3 145.1 147-4 164.7 165.3 164.5 175.6 
Parachor values‘above the m.p. (liquid state). 
Chloroform (1) Benzene (2) Acetone (3) Alcohol (4) 


——E—— ~——-— Oe ee —_—_—_—So 7 





Temp. 55° 55° 50° 50° 60° 50° 50° 60" Go” g0"—— 55° 50° 
x 0.3859 0.3941 0.4519 0.2510 0.3763 0.3863 0.2811 0.3423 0.3779 0.1937 0.2241 0.2374 
px 190.2 192.3 190.5 205.4 2091 207.3 206.8 206.1 206.5 208.1 2081 207.5 

Water (5s) 
Temp. 50° 50 52.3 55° 50° 50 50° 
x 0.1152 0.1277 0.1320 0.1599 0.1901 0.1956 0.2523 
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We have taken low melting solids and determined their parachor in pure liquid 
state by making measurements above the melting point. The solid was dissolved in a 
suitable solvent and the parachor was determined at temperatures below and above the 
melting point of the substance. Thus, below the melting point we may assume that it 
is a mixture of a solid in a liquid, while above the melting poiut it is a mixture of a 
liquid in a liquid. It is thus possible to compare the results of parachor for the same 
substance in a pure liquid state, and when it is dissolved as a solid and when it is 
dissolved asa liquid. The application of mixture law therefore to the liquid-liquid 
mixture and liquid-solid mixture can be compared. 


TasLe IV 


Parachor of p-dichlorobenzene in different solvents. 
1. Parachor values below m.p. (solid state). 


Chloroform cc Acetone Benzene 

————_ -—---—-e-—-~--—-——_— = FT — eS err 
Temp. 19.1° 20.1° 30° 18.8° 18.2° 18.8° 19.2° 30° 30° ~—s-_:*117.5° 17° 19° 
x 0.2516 0.3142 0.3455 0.2648 0.2885 0.3215 0.1736 0.2108 0.2490 0.3155 0.3239 0.4091 
px 262-5 261.7 263.6 261.2 260.6 262.8 262.3 262.0 262.3 262.0 262.3 263.2 


2. Parachor values above m.p. (liquid state). 
Temp. 55° 2 Se ee OE aE Oe we ey ee 
x 0.2516 0.3142 0.3455 0.2648 0.2885 0.3215 0.1736 0.2108 0.2490 0.3155 0.3239 0.4091 
276.2 278.0 278.3 278.9 276.5 279.8 275-8 277.3 277-3 276.4 2788 277.6 
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STUDIES IN PHOTOCHEMICAL AFTER-EFFECT. REACTION BETWEEN 
SODIUM OXALATE AND IODINE ‘ 


By W. V. BHacwat, M. M. Gupta AND R. P. SHUKLA 


The reaction between sodium oxalate and iodine shows true photochemical after-effect in diffused 
light, sunlight and in light from 500 watt lamp. The after-effect may be due to activated iodine 
molecules or atoms produced depending on the nature of the light. In ultraviolet light, however, 
the reaction becomes catalysed one, since the velocity constant does not fall in the dark when light 
is cut off. The light produces the catalyst which is retained in the dark. 


Griffith and McKeown (“‘Photo-processes in Gaseous and Liquid Systems’’, pp. 661- 
665) have discussed the subject of photochemical after-effect. It may be pointed 
out that the reactions classified by them as Type I, are not truely the reactions 
shuwing photochemical after-effect, but are purely catalysed reaction, since if the 
catalyst, produced by light, is added to the reacting mixture, the reaction starts in the 
dark alone. In our opinion, when a truely photochemical reaction continues in the 
dark at a greater rate than the pure dark reaction (if any), then alone the effect can 
be called as photochemical after-effect. Mukerji and Dhar (Z. Elecktrochem., 1926, 
82, sor; this Journal, 1928, 5, 203) observed this effect in case of several reactions 
and explained the effect on the basis of activated molecules produced by light ; 
while Griffith and McKeown (loc. cit.) classified them under the catalysed photo- 
chemical reactions. Berthoud and Bellenot tried to explain it on the basis of breaking 
of chains formed by atomic iodine in light. It may be suggested that atomisation 
of iodine molecules in light of all wave-lengths is not possible although the effect is 
observed in visible light also. 

Detailed study of the photo after-effect in case of iodine and oxalate reaction was 
made only after the book, “‘Photo-processes’’ was published. MacMahon and Lal 
(this:‘Journal, 1940, 17, 429), Bhagwat, Harmalkar and Bhandari (ibid., 1949, 26, 34) 
have shown that after-effect increases with the length in the period of pre-illumination. 
We have summarised our results with iodine and sodium oxalate reaction. The reaction 
has been studied with aqueous iodine, 

TABLE I 
Light source: diffused sunlight. Conc. of aq. iodine=N/569.8. Temp. =35.5°. 


Photochemical after-effect 


Conc. of (dark ky.) Exposure : 
oxalate. (t). k, (10 mip.) k, (15 min.) ky (20 min.) 
M/8.414 0.00 150 min. 0.00296 0.0033 0.0041 
1988 250 0.00290 a 0.0038 
500 0.0020 0.00208 ome 
M/16.8 0.00 150 0.0017 — 0.0023 
115 350 0.0014 0.00142 0.0019 
M/33.6 0.000 150 0.00115 0.00134 © 00142 
684 350 0.00088 0.0009 0.00099 
. 500 © 00084 = _ 
M/6-. 0.000 200 0.0005 0.c006 0.0007 


359 §00 0.00035 0.00040 0.00042 
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For the same concentration of oxalate, it should be observed that velocity constant 
is greater for a longer exposure when the time elapsed after the light is cut off is the 
same. ‘The after-effect falls with time and gradually the dark velocity constant and 
the velocity coefficient for the after-effect approach the same value. It is to be noticed 
that the after-effect is continued for a sufficiently long time, as long as 500 minutes. 


The observations with 500 watt lamp asa light source or direct sunlight are very 
similar. The results are of the same nature when iodine dissolved in KI is used instead 
of aqueous iodine. 


TaBLe II 
Light source: 500 watt lamp. 

Na-oxalate. k, (dark). Exposure (t). k, (5 min.). k, (10 min.). 
M/8.4 0.00198 400 min. 0.0020 _ 
M/16.8 0.00115 200 0.0013 0.0015 
M/33.6 0.00068 280 0.0008 0.4 99 
M/67.2 0.00036 300 0.00038 0.00047 

TaB.e III 


Light source : direct sunlight. 


Conc. of I,=N/274.6 in M/69.17 KI. Temp. =35.5°. 


Na-oxalate. k, (dark). Exp-sure (¢}. k, (20 mia ). k, (40 min.). k, (60 min.) 
M/67.3 0.0000038 600 min. 0.000015 © 000027 © 000029 
M/33 6 0.0000068 600 0.000026 0.000038 0.000059 
M/16.828 0.0000138 600 0.c00048 0.000060 0.000083 
M/8.4 0.000025 400 \ 0.000056 0.000072 0.000115 

TABLE IV 
Source : 500 watt lamp. 

Na-oxalate. ky (datk). Exposure ¢). k, (20 min.) k, (40 min ). k, (60 min). 
M/67.3 0.0000038 500 min. 0.000014 0.000025 0.000026 
M/33 6 0.0000068 600 0.000024 0.000339 0.000047 
M/16.828 0.0000138 500 0.000941 0.000060 0.000066 
M/8 414 0.000025 500 0.000068 0.00010 0.000167 


Unlike Berthoud and Bellenot (loc. cit.) we suggest that light may produce activated 
atoms or molecules depending on the nature of light and not atoms only, which start 
the chain which is broken in the dark. 

The results obtained with mercury vapour lamp as a light source for this reaction 
are very intersting. In this case the so-called photochemical after-effect is greater 
6—1801P—1. 
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for longer exposure but does not diminish with time, but remains constant. These 
observations cannot be explained on the basis of the chain theory, as done before. The 
results are summarised below. 


TABLE V 
Source : mercury vapour lanip. 


Conc. of aq. iodine =M/569.8. ‘Temp.=35.5°. 


Na oxalate . k, (dark). Exposure (f). k, (10 min.). ‘ k; (20 min.) 
M/67.312 0.000359 40 mins. 0.00053 20 mins. 0.00080 
100 © 09052 200 0.00080 
400 0.00053 250 0.00078 
M/33.65 0.00068 50 0.00089 23 © 0015 
170 0.00086 187 0.0012 
263 0.00087 250 0.0012 
M/16.8 0.001T5 55 0.00130 110 0.00175 
116 0.09121 170 0.00186 
185 0.00122 220 © 00177 
M/32.8 0.00198 55 0.0027 110 0 0033 
115 0.0028 172 0.0031 
178 0.0028 222 0.0030 


The reaction has been studied for four concentrations and there is no mistake in 
the observation that the reaction, when light is cut off, shows no decrease in the velocity 
constant when mercury vapour lamp is used. 

It is suggested therefore in this case that a catalyst is formed due to the light 
from mercury vapour lamp, which gives out powerful chemically active rays. This 
catalyst remains in the solution even when light is cut off, and hence the constancy of 
velocity constant. The longer exposure by light produces greater concentration of the 
catalyst, and hence the velocity constants for lofger exposure are greater when the con- 
centration of oxalate and iodine is retained the same. 
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A STUDY OF VISCOSITY OF THE SYSTEM: WATER-SODIUM 
OLEATE—AND DIFFERENT ALCOHOLS 


By A. N. BosE 


Viscosity of the system: water-sodium oleate- and different alcohols, with varying concentration 
of alcohol has been studied. The results have been explained on the basis of the structure that the alcohol 
molecules arrange themselves in between the oleate molecules with their OH group towards the water 
layer. The effect of NaCl on these systems has also been studied. 


Viscosity of soap solutions has been studied by several workers, But the investiga- 
tion of the viscosity of soap solutions in presence of varying concentrations of non-electro- 
lytes has not much been studied. Angelescu and co-workers (Kolloid Z., 1938, 82, 164, 
304; 1930, 89, 47; 1941, 94, 319; 96, 75) and Rossi and Ragno (Chem. Zentrl., 1941, II, 
2927) have studied the viscosity of soap solutions in the presence of electrolytes and 
non-electrolytes and obtained several interesting results regarding the structure of such 
solutions. In the present work the viscosity of water-sodium oleate - and different 
alcohols has been studied with varying concentration of alcohols in order to see if the 
structure of these solutions changes with alcohol concentration. The effect of sodium 
chloride on these solutions has also been studied. 


ExPERIMENTAL 


All the alcohols used were of B.D.H. (Analar) after refluxing for 8 hours over 
calcium, and distilled. Oieic acid used was of B.D.H /A.R. Carbon dioxide-free sodium 
hydroxide was prepared from analytical sodium. 

Preparation of the Solutions.—Calculated amount of oleic acid was dissolved in a 
known volume of alcohol in a standard flask. This was titrated by 2N sodium hydro- 
xide (CO,-free) and made up to the mark by adding requisite amount of water. In this 
way a number of solutions of alcohols in 0.4 N sodium oleate was prepared. In all these 
solutions the concentration of sodium oleate was kept constant, whereas the concentration 
of the alcohol was varied. Similar method was adopted by Smith (J. Phys. Chem., 
1932, 86, 1401) for deterinining the solubility of alcohols in sodium oleate solutions. 


TABLE I 


Viscosity of 0.4 N-Na oleate in presence of alcohol and sodium chloride. 


Temp. = 35°. 

Conc. of Without Concentration of NaCl 
alcohol. NaCl. N/1o. N/20. N/40. N/8o. N/160. 

n-Propy] alcohol. 
1. 10% 0.03342 0.03275 0.02961 0.02922 0.03028 0.03152 
2. 29 0.03944 0.03394 0.03573 0.03697 0.03774 0.03851 
3. 30 0.03713 © 03543 0.03658 0.03667 0.03695 0.03734 
4- 40 0.03492 © 03449 0.03538 0.03533 0.03943 
5. 50 0.03527 0.03586 0.03527 0 03541 0.03552 
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TABLE I (contd) 


isoPrcpy! alcohol. 


Conc. of Withcut Concentration of NaC! 
alcohol. NaCl N/1to. N/29 N/40. N/80 N/ 160. 
z. 10% 0.02988 0 03051 0.02679 0.02716 0.02748 0.>29QU7 
2. 20 0.03920 0.03425 0.03582 0.03683 0.03754 
3. 30 0.04380 0.04086 0.04215 0.04267 0.04282 
4. 40 0.04035 0.03976 0.04022 0.04025 
5. 50 0.93820 

n-Butyl alcoho! * 
1. 10% 0.06985 0.05374 0.05280 0 05220 0 05162 
2. 20 0.04393 0.04164 0.04265 0.04289 0.94352 0.04478 
3- 30 0.0 :074 0.04180 0.04109 0 04129 o 04086 
4. 40 0.04099 0.04177 0.04205 0.04152 
5 5? 0.04076 0.04093 ©.€4072 

n-Amvl alcohol * 
I. 10% 0.12480 0.11620 0.09384 0 11830 
2. 20 0 06753 


* In the case of n-butyl alcohol g. of alcohol has been dissolved in 1-0 c.c. of solution. 


A solution of known concentration of sodium chloride was prepared in the above 
solution, its concentration was varied by dilution with the original solution. Viscosity 
measurements were made with Ostwald’s viscometer at 35°. Results obtained are given 
in Table I. 


DISCUSSION 


From the results given in Table I, it is observed that in the case of n-propyl 
and isopropyl alcohols, the viscosity at first increases with the increasing concentration 
of alcohol, but further increase in the concentration of the alcohol diminishes the viscosity. 
On the other hand, in the case of n-butyl alcohol and n-amyl alcohol, viscosity is maxi- 
inum at the lowest concentration of alcohol and then decreases on increasing the con- 
centration of the alcohol, e.g. in the case of butyl alcohol, the viscosity is maximum at 
10% alcohol and then it falls considerably at 20% and afterwards further increase in the 
concentration does Dot affect the viscosity much. This shows that below 20% alcoholic 
concentration of n-propyl and isopropyl alcohol, the shape of micelle is probably some- 
what different from that of the micelle of n-butyl and n-amyl alcohols. At present it is 
very difficult to say about this difference in behaviour of alcohols. 

At lower concentrations of alcohol, i. e. below 30%, it can be said that the alcohol 
molecules come in between the oleate molecules with their OH group towards the water 
layer, thus forming hydrates with the water molecuies. This is further supported by 
the fact that as we add sodium chloride, the viscosity decreases at lower concentration 
of alcohol showing that the hydrates are broken up in presence of sodium chloride 
as a result of which the viscosity decreases. But at higher concentration of alcohols 
the number of alcohol molecules is so large that they replace water molecules; so no 
question of hydration arises, and thus the addition of sedium chloride increases the 
viscosity. 
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It is also observed that in the case of isopropyl and n-propyl alcohols, at 10% alcoho- 


lic concentration with different concentrations of sodium chloride, viscosity passes 
through a minima, probably due to the fact that at the minimum point the breaking of 
hydrates is complete, and above this concentration of sodium chloride the viscosity is 
higher owing to the presence of excess of sodium chloride, and below this concentration 
the viscosity is high because of the hydrates not being completely broken up. Similar 
results have also been observed in the case of n-buty] and n-amyl alcohols. 

It may further be pointed out that the viscosity minima in the case of n-propyl 
alcohol is at N/40-NaCl concentration, whereas in the case of n-butyl and n-amyl alcohols 
it is N;8o0. Probably this difference in the beliaviour is due to the fact that the dipole 
moment of these latter two alcohols is less than that of the former one and hence the 
hydrate formation is also less marked in the latter cases, and therefore less sodium 
chloride is required to break up these hydrates. 

It has been suggested on the basis of X-ray patterns by Hughes, Vinograd and 
Sawyer (J. Chem. Phys., 1945, 13, 131), Hess ‘Fette Sci. Fen., 1939, 46, 575), Harkins, 
Matton and Corrin (J. Colloid Sci., 1946, 1, 105) and McBain (“Front in Colloid 
Chemistry’’, 1950, p 149; “‘Advances in Colloid Science’, 1942, p, 99) that in the case 
of solubilization of hydrocarbons, the hydrocarbons lie between the hydrocarbon ends of 
the soap molecule and the water molecules lie between the polar ends of the soap layer. 

But in the case of higher alcohols and other polar compounds it has been shown by 
Harkins, Matton and Mittelmann (J. Chem. Phys., 1947, 15, 763), Corrin and Harkins 
(ibid., 1946, 14, 640) that the alcohol molecules penetrate between the soap molecules 
and produce a larger mixed micelle. This makes the micelle larger. This view has 
been further supported by Harkins and Oppenheimer ‘J. Amer. Chem. Soc., to40, 11, 
808), Kievens ‘J. Amer. Oil Chem. Soc., 1949, 26, 456; J. Amer. Chem. Soc., 1950, 
72, 3586. 3780), McBain and Hoffman (J. Phys. Coiloid Chem., 1949, 58, 39) and 
Harkins, Mittlemann and Corrin (ibid., 1949, 58, 1350). 

Thus the results obtained are in conformity with those obtained by the above workers. 

The author wishes to acknowledge the continued interest of Professor A. C. 
Chatterji in this work. He would also like to thank Scientific Research Grants Comm)- 
ttee for a contingency grant. 
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BEHAVIOUR OF CHLORONITROBENZENES WITH HYDRAZINE 
AND HYDRAZINE DERIVATIVES. PART IT. PREPARATION 


OF SOME POLYNITROTOLYLHYDRAZINES AND 
THEIR HYDRAZONES 


By SHIAM SUNDER JOSHI AND DALEEP SINGH DEORHA 


By the action of hydrazine on some polynitro-m-halogeno-toluenes corresponding polynitro.m-tolyl- 
hydrazines have been obtained. By condensing them with simple carbonyl compounds hydrazones 


have also been prepared 


In a recent paper the preparation of 2 chloro- and 2-bromo-4:6-dinitrophenylhydra- 
zines and a few of their simple hydrazones was described (this Journal, 1951, 28, 34). 
This work has now been extended to some polynitro-m-tolylhydrazines. ‘he hydrazines 
described in this paper, viz., 3-methyl-6-bromo-2:4-dinitrophenyl-, 3-methyl- 
4:6-dinitrophenyl. (Giua, Gazzetta, 1919, 49, 171) and 3-methyi-2:4:6-trinitro- 
phenylhydrazines (loc. cit.) have been obtained by boiling alcoholic solutions of 
halogenated polynitroto!uenes and hydrazine hydrate, whereby a halogen atom is 
replaced by a hydrazino (—NHNH,) group. This replacement can be effected (ex- 
cept in the case of 3:4-dibromo-2:6-dinilromethylbenzene) with hydrazine acetate solution 
also (obtained from hydrazine sulphale and sodium acetate in aqueous alcoholic solutions; 
Allen, J. Amer. Chem. Soc., 1930, 52, 2957). 

The polynitro compounds, with a reactive halogen atom, that have been used for 
the preparation of the tolylhydrazines, viz., 3:4-dibromo-2:6-dinitromethylbenzene 
(Cohen and Dutt, J. Chem. Soc., 1914, 105, 502}, 3-chloro-4:6-dinitromethylbenzene 
(Reverdin and Crepieux, Ber., 1900, 83, 2506), and 3-chloro-2:4:6-trinitromethylbenzene 
(Reverdin, Dresel and Deletra, Ber., 1894, 27, 20-4) have all been obtained by direct 
nitration of the corresponding halogenated toluenes, viz., 3:4-dibromomethylbenzene and 
3-chloromethylbenzene. 3-Chlo1o-2:4:6-trinitromethylbenzene has also been prepared 
by the Ullmaun-Nadai reaction from 2:4:6-trinitro-m-cresol (Ber., 1908, 44, 1818). 
Some doubt was expressed by Cohen and Dutt (loc. cit.) about the position of the nitro 
groups in the compound obtained by them by dinitration of 3:4-dibromomethylbenzene. 
But as identical products are obtained from it and from 4-bromo-2:6-dinitro-m-cresyl-p- 
toluene sulphonate (Joshi and Gupta, this Journal, under communication) by heating 
with aniline, ammonia, etc., the structure assigned to it may be regarded as confirmed. 











CH; CH, CH; CH; CH; 

NO: \NO, NO.“ SNO, NO SNO; NO,” SNO, 
ee ae Ce | | 
\/Br \ Br \/NE2 \ 79.8020: \ / OH 
Br Br Br Br Br 


The position of the hydrazino group in the molecules of these compounds follows 
from the method of their synthesis. 
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The hydrazones of simple carbonyl compounds, with these hydrazines, are obtained 
in the same way as those of 2-chloro-4:6-dinitrophenylhydrazine (Joshi and Deorha, 
loc. cit.). Of these tolylhydrazines, 6-bromo z.4-dinitro-m-tolylhydrazine, however, 
reacts less slowly than others .nd sometimes no distinct change is noticed in cold when 
its alcoholic solution is mixed with those of the carbonyl compounds. Moreover, its 
hydrazones are mostly yellow, while those of the others have colours varying from deep 
yellow to deep red; they are also more soluble in alcohol than others. The hydrazones 
from 3-methyl-2:4:6-trinitrophenylhydrazine usually decompose just above their melting 
points. 


ExPERIMENTAL 


3-Methyl-6-bromo-2:4-dinitrophenylhydrazine, —3:4-Dibiomo-2:6-dinitromethyibenzene 
(7 g.), dissolved in alcohol (20 c.c.), and 50% hydrazine hydrate solution (5.5 c.c.) were 
refluxed together for about an hour. On cooling the tolylhydrazine separated out as 
a yellow compound. It is sparingly soluble in alcohol and crystallises from an excess 
of it in lemon-yellow, fine needles (4.5 g.), m.p. 205°. (Found: Br, 27.56.C;H,O,N,Br 
requires Br, 27.49 per cent). 


3-Methyl-4:6-dinitrophenylhydrazine.—An alcoholic solution of 3-chloro-4:6-dinitro- 
methyibenzene (4 g. in 15 c.c.) and 50% hydrazine hydrate solution (4.5 c.c.) were boiled 
together for about 5 minutes. On cooling dinitro-m-tolylhydrazine separated as an 
orange-yellow crystalline solid. It is slightly soluble in alcohol and crystallises from 
an excess of it in orange crystals {3 g.), m.p., 193°. The same product was obtained by 
reacting together hydrazine acetate and 4:6-dinitro-m-chlorotoluene in requisite propor- 
tions. 


Bromine was estimated in the hydrazone obtained from p-bromoacetophenone. 
(Found: Br, 20.52. C,;H,;0,N,Br requires Br, 20.35 per cent). 


3-Methyl-2:4:6-trinitrophenylhydrazine.—Hydrazine acetate solution obtained from 
-hydrazine sulphate (5.6 g.) (Allen, loc. cit.) was boiled with 3-chloro-2:4:6-trinitrome- 
thylbenzene (10 g.) for about 45 minutes. A yellow product separated out. The liquid 
was cooled and filtered. 2:4:6-Trinitro-3-methylphenylhydrazine is slightly soluble 
in alcohol and crystallises from an excess of it in golden yellow plates (8 g.), m.p. 174°. 

Bromine was estimated in the hydrazone obtained from p-bromoacetophenone. 
(Found : Br, 18.33, C,;H,.0.N;Br requires Br, 18.26 per cent). 


Preparation of Hydrazones.—Alcoholic solutions of equimolecular quantities of 
the polynitro-m-tolylhydrazine and the carbonyl compound, together with a drop or 
two of concentrated sulphuric acid were mixed together. Usually the hydrazone formed 
began to separate in cold. The condensation was completed by boiling the liquid for 
3 to 4 minutes. On ooling the hydrazones separated in crystaliine form, in many cases, 
in quantitative yields. ‘They can be easily crystallised from an excess of alcohol. 


Hydrazones of some simple carbonyl compounds with the three tolylhydrazines are 
given below. 








Carbonyl 
compounds. 


Formaldehyde 
Acetaldehyde 
Benzaldehyde 
Salicvlaldehyde 
p-Hydroxy- 
benzaldehyde 
m-Hydroxy- 
benzaldehvde 
Vanillin 


Protocatachuic 
aldenyde 


Cinnamic aldehyde 


Anisaldehyde 


Piperonal 
Acetone 
Aceiophenone 
p-Methylaceto- 
phenone 


p-Bromoaceto- 


phenone 
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3-Methy1-6-bromo-2 :4-dini- 


trophenvlhvdrazine. 


M.p. 


203° 


208° 


Colour 
Dirty vellow 
Pale yellow 
Yellow 


Lemon-yellow 
Yellow 
Yellow 
Light orange- 
yellow 
Orange 
Yellow 
Yellow 
Dull yellow 


Light yell Ww 


Lemon-vellow 


Lemon-yellow 


Light yellow 
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Hydrazones formed by condensing with 


3-Methyl-} :6-dinitro- 
phenylhydrazine. 


M.p. 


Colour. 


Dirty yellow 
Light orange 
Red 

Light orange 


Vermillion red 


Light red 
Dark red 


Dark red 

Dark red 

Vermillion 
red 

Red 

Pale yellow 

Orange-red 


Orange-red 


Orange-:ed 









3-Methyl-2 :4 :6-trinitro- 
phenyihydrazine. 


M.p. 


158° 


128° 


° 
209 


Colour 


Yellow 


Bright yellow 


Yellow 
Orange-yellow 


Red 


Orange yellow 


Orange 
Red 


Vermillion 
red 
Red 


Red 
Pale yellow 
Red 


Vermillion 
red 
Light red 
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THE REFRACTIVE DISPERSIVE POWER OF ORGANIC COMPOUNDS. 
PART V. THE REFRACTIVE DISPERSION OF CAMPHOR-S-SULPHO- 
NATES (d- & dil-} OF AMMONIA, o-, m- AND p-AMINOBENZOIC 
ACID AND @ AND 8-NAPHTHYLAMINE IN AQUEOUS 
SOLUTION 





























By Bawa KartTAR SINGH AND NARINDER SINGH KAPUR 


The refractive dispersion of the salts of the camphor-8-sulphonic acid (d- and dl-) and ammonia, 
a- and 8-naphthylamine and o-, m- and p-aminobenzoic acid was determined in aqueous solution for 
five wave-lengthsin the visible region of the spectrum (A 6708 A to A 4358 A). The results can be 
accurately represented by the Maxwell-Sellmeier equation using only one term of the summation. 

It is found that the values of the wave-lengths of the “‘characteristic'’ absorption bands (A's) 
deduced from the present measurements of refractive dispersion of these salts are almost identical with 
those deduced from the rotatory dispersion measurements, previously described. 

The effect of replacement of a hydrogen atum of the ammonium radical in ammonium camphor- 
8-sulphonate by various groups has been discussed. 

The values of refractive dispersion of the dextro and racemic salts are identical in dilute solutions. 

The effect of position isomerism and of the replacement of a hydrogen atom of the phenyl 
radical in the aniline salt by different radicals and heterocyclic groups on refractive power has been 
discussed. 

The utility of the dispersion studies for the determination of the dominant absorption bands of 
the molecules in the ultraviolet region has been stressed and its analogy with Raman spectra for the 
determination of the infra-red absorption bands pointed out. 


In Part II of this series of investigations (Singh and Manhas, Proc. Ind. Acad. Sci., 
1049, 830A, 140) the refractive dispersion of dextro and racemic forms of several salts 
of camphor-f8-sulphonic acid was discussed. 

The refractive dispersion formula proposed by Maxwell (Cambridge Calender, 1869) 
and by Sellmeier (1871) and known as the Maxwell-Sellmeier dispersion equation 
(formula 1), 


n? = +s eee see (1) 
-),? 


has been found to hold good for these compounds, involving only first term of the summa 
tion series. It is very similar to Drude’s equation for rotatory dispersion. 

In this equation there is a constant, a’, which, when added to the summation terms, 
represents the square of the refractive index of the medium for a stationery electric 
field. In the case of most organic compounds investigated, only one term of the 
summation ‘formula 1) is necessary to correctly represent their refractive dispersion, thus, 

2 bod” vi a 


= a4 — - 
n a A, 











In this paper we record the results of our experiments on the refractive dispersion 
of the camphor-f-sulphonates (d- and dl-) of six different bases in aqueous solution 
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TABLE I 


4 5 6 7 I 
— — A. Ao Ao 
=k,. n** =V7al+b,(1+a,2) (from (from ‘mean Difference of 
we. obs. Drude’s Maxwell- value of columns 
No. Camphor-8- (Drudes (Maxwell-Sellmeier equation). Sellmeier columns 5 and 6. 
-ulphonate equation) equation) equation). 5 and 6) 
of for for 


A= /1I+A°,’ A= VI+A?," 


Ammonia 3 990 1.3277 


Aniline § 3-400 1.3301 
o-Aminobenzoic 

acid 3.560 
m-Aminobenzoic 

acid 
p-Aminobenzoic 

acid 
a-Naphthylamine 
8-Naphthy lamine 
0-Toluidine § 
m-Toluidine § 
p-Toluidine § 
o-Iodoaniline § 


m-Iodoaniline § 


p-Iodoaniline § 
o-Bromoaniline 
m-Bromoaniline 
p-Bromoaniline 
o-Chloroaniline 1.3329 
m-Chloroaniline 1.3329 
p-Chloroaniline , 1.3328 
a-Aminopyridine § 1.3292 


a-Aminothiazole § 4.15 1.3297 
p-Aminobenzene 
sulphonamide § 3 1.3301 


8-Amino-6-methoxy- 
quinoline § 3-204 1.3290 3131 3172 


§ The values ate taken from Singh and Manhas (Proc, Ind. Acad Sci., 194>, 380A, 140). 

ia) The values in columns 3 and 5 are taken from Singh, Pertiand Singh (Lahore Phil. Soc., 1944 6, 15). 
ib) The values in columns 3 and 5 are taken from Singh and Manhas (Proc. Ind. Acad. Sci., 1949, 29A, 

107; 1949, 30A, 140). 
(c) The values in different columns are taken from Singh and Manhas (ibid., 1947, 26A, 61 ; 1949, 380A, 140). 
(d) The values in columns 3 and 5 are taken from Singh and Perti (ibid., 1945, 22A, 84). 
(zg) The values in columns 3 and 5 are taken from Singh and Manhas (ibid., 1948, 27A, 1). 
(u) Singh, Mital and Manhas (J. Scé. Res. B. H. U., 1951, 1,135, 136). 
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‘Tables II to VII) for five wave-lengths (Aq358 4 to A67o08 4). It is found that 
the refractive dispersion of these salts can be satisfactorily expressed by the above 
equation (2), in which b, is the refraction constant and A,’ is the dispersion constant. 
The values of A,, the wave-lengths of the ‘‘characteristic’’ absorption bands, have been 
calculated from these equations and are compared with those derived from rotatory 
dispersion equations of Drude, and are found to be in fair agreement (Table I). 








EXPERIMENTAL 






The compounds studied in this paper were prepared and purified by methods des- 
cribed elsewhere (Singh et al., Proc. Lahore Phil. Soc., 1944, 6, 5; Univevsity of 
Allahabad Studies, 1944, 37). The refractive indices of these salts in aqueous solution 
were determined with a Pulfrich refractometer. Water maintained at 33° to 35° was cir- 
culated through the jacketed mount of the observation cell containing the solution. The 
concentration of the aqueous solution of the salts was 1% (1.000 g. of the substance in 
100 ml. of the solution). ‘The experimental results ure recorded in Tables II to 
VII, which also give the rotatory dispersion equations of the salts under similar condi- 
tions of temperature and concentration for the sake of comparison. 

The Nature of the Racemic Forms of the Camphor-B-sulphonates.—Tables 
II to VII reveal that the refractive indices of the dextro and the racemic forms 
of the camphoz-8-sulphonates are, in the visible region of the spectrum for 5 
wave-lengths (A6708 A to A48s8 A), identical in 1% aqueous solution within 
the limits of experimental error. In the absence of any difference in the values of 
refractive indices of the two forms in dilute solution, it is not possible to draw any con- 
clusions regarding the nature of the racemic modification. 
















The Effect of Chemical Constitution on the ‘‘ Characteristic’’ Absorption Band 
in the Ultraviolet Region 









The mean wave-length of the “‘characteristic’’ absorption band of ammonium cam- 
phor-8-sulphonates is 3855 &. The replacement of an atom of hydrogen in the 
ammonium radical by a phenyl group in the aniline salt has shifted the band towards 
the ultraviolet end of the spectrum by 2424 (Table I). The @naphthyl group 
produces a shift of 613 A and the f-naphthyl group of 395 4 towards the ultra- 
violet end. The replacement of hydrogen in the ammonium radical by a pyridyl group 
shifts the wave-length of the “‘characteristic’’ absorption band to the ultraviolet end of 
the spectrum by 565 &. This shift is more than that of the phenyl or §-naphthyl 
group, but slightly less than that of the «-naphthyl group. 

The shift (315 &) due to the thiazole group is also towards the ultraviolet end 
of the spectrum but it is intermediate between those due to the phenyl] and pyridyl! groups. 
The 6-methoxyquinoline group produces the greatest shift (704 A) towards the 











ultraviolet end. 
It will be thus seen that the nitrogen containing pyridyl and methoxyquinoline 


rings produce larger shifts towards the ultraviolet end of the spectrum than those due 
to phenyl and naphthy! rings respectively. 
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The Effect of Substitution and Position Isomerism on the Wave-length of the 
Characteristic Absorption Band 


The substituent groups arrange themselves in the fullowing polar series deduced 
from their inductive capacities (Rule, J. Chem. Soc., 1924, 1122): -OCH;, OH, Cl, Br, 
I, CH;, H*, COOH, COCH;, CN,*NO.. The mean wave-iength of the characteristic 
absorption band of anilinocamphor-A-sulphonates is 3613 & (Table I). The repla- 
cement of an atom of hydrogen in the phenyl radical by a methyl group in the corres- 
ponding toluidine salts has shifted the band further to the ultraviolet end of the spectrum 
and the order of this shift in the different position isomerides is: m >> o > p. 


The replacement of a hydrogen atom of the phenyl group by an electropositive 
carboxyl (COOH) radical produces a small shift towards the ultroviolet end of the 
spectrum (Table 1). The order of the shift in the case of the carboxyl (COOH) group 
n different position isomerides is: o=p>m. 

In the case of the substitution of a hydrogen atom of the phenyl group by the more 
electronegative element iodine, the shift is found towards the red end of the spectrum 
and the order of the shift in different isomerides is: m= o>p. 


In the similar chlorine substitution products (Table I, Nos. 17, 18 and 19), the 
“‘characteristic’’ absorption band is also shifted to the red end of the spectrum in the 
case of the ortho isomeride, whereas the meta and para isomerides produce the shift to 
the ultraviolet end. The order of the shift in the dominant ultraviolet absorption band is 
p>m>o. 

The similar bromine substitution products {Table I, Nos. 14, 15 and 16), however, 
shift the ultraviolet absorption band of the unsubstituted compound (3613 4) to the 
far distant end of the ultraviolet spectrum. The order of the shift in the different 
position ismerides is m>o>p. 


TABLE II 


Refractive dispersion of d- and dl- ammonium camphor-B8-sulphonate (water). 


n?= 1.73463 + ae ; A$ =0.1495. 
§[a},% = en ; Ab =0.1478. 
A, (from Drnde’s equation) = 38444; A, (Sellmeier’s equation) = 38674. 
No. Wave-length. —_m (celc.) n (dextro). (d—c). n (racemic) (dl—c). (d—dl). 
(c) (d) (dl). 

i. Ligzog 1.3302 1.3302 +0 0000 1.3303 +0.0001 —0 0001 
2. N 45893 1.3324 I 3324 +0.000u 1.3324 +0.0000 +0 0000 
3 Hgszs0 1.3330 1.3330 +0.0900 1.3334 +0.0004 —0 0004 
4. Hgsse1 1.3346 1.3346 +0.0000 1.3346 +0 0000 +0.0300 
.. Hgasss 1 3578 1.3578 +0 0000 1.3580 +0.0002 —0 0002 





This equation is taken from Singh, Perti and Singh (loc. cit.). 
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Refractive dispersion of d- and dl-«-naphthylaminocamphor-8-sulphonate (water). 


A, (from Drude's equation) = 3230 A ; A, (from Sellmeier's equation) =3254 A. 


Wave-length. 


Ligzog 
Nasgq3 
Tg578¢ 
Agss6) 
Hga3s8 


gs 


n?=1.75134+ 


n (calc.) 
(c). 


1.3332 
1 3242 
1.3343 
1.3750 
I 3403 


§{a],% = 


n (dextro) 
(d). 


1 3332 
1.3341 
1 3343 
I 3359 
1.3403 


0.91gQ8A?2 


4 384 
rA2-o 1043 


(d-—c) 


+0 0000 
—-0.0001 
+0.0009 
+ 0.0000 
+ 0.0 100 


TABLE IV 


; A$ =0.105 
A2—o0.1059°  ” 9 


; Aj =0.1043 


n (racemic) 
(dl) 


I 3332 
1 3341 
I 3344 
1 3350 
I 


3403 


(al—c) 


+0 0009 
—0O OOO! 
+0.0001 
+0 0000 
+0 9000 


§ This equation is taken from Singh, Perti and Singh (loc. cit.) 


(d-—dl) 


+0 0000 
+ 0.0000 
—-0.0001 
+0 0000 
+ 0.0000 


Refractive dispersion of d- and dl-8-naphthylaminocamphor-8-sulphonate (water). 


A, (from Drude’s equation) = 3457 A 


No Wave-length. 


wUn.wn- 


Ligzos 

Naseq2 
Hgs780 
Hgs461 
Hgi358 


n?=1.75057 + 


n (calc.) 
(c). 


1.2337 
1.3344 
1.3346 
1.3353 
1.3407 


§[a} ‘= 


A 


n ‘dextro) 
(d) 


1.3331 
1.3344 
¥.3345 
I 3352 
I 3407 


0.01404A2 





A?—0.1200 
3.416 
At—o.1195 ” 


n (racemic) 
(dl). 


I 3329 
1.3342 
1.3347 
1.3353 
1.3406 


; AS =0.1200. 


; A, =0.1195. 


(d—c) 


—9.0006 
+ 0.0000 
—0.0001 
—0.000I 


+0 0000 


; A, (from Sellmeier’s equation) = 3464 4. 


(dl—c) 


—9.0008 
—0.0002 
+0.0C01 
+ 0.0000 
— 0.0001 


§ This equation is taker from Singh, Perti and Singh (loc. cit.). 


TABLE V 


(d—dl). 


+0.0002 
+0 0002 
— 0.0002 
—0O OOOI 
+0.0001 


Refractive dispersion of d- and dl-o-aminobenzoic acid camphor-B-sulphonate (water). 










ss ie as 
n?=1.76816 + Sree Ao =0.1260. 
A*—0.12 
' OS a . 3-56 -At= 246 
§{a); A2—0.1246" Ag =0.1240. 


A. (from Drude’s equation) =3529 A; A, (from Sellmeier’s equation) = 35504. 


No. Wave-length n (calc ) n (dextro) nm (racemic) (d—c). (dl—c). (d—dl) 
(c) (d'. (dl). 
., Ligzos 1.3365 1.3368 1.3366 +0.6003 +0.0001 +0.0002 
2 Nasg93 1.3373 1.3372 I 3374 —0.0001 +0.0001 —0 0002 
3- Hgs780 1.3376 1.3376 1 3377 +0.0000 +0.0001 0.0001 
4- Hgs463 I 3382 1.3382 1.3381 +0.0000 —0.0001 +0.0001 
5. Hegisse 1.3442 1.3442 1.3440 +0 0000 —0.0002 +0.0002 








§ This equation 1s taken from Singh and Manhas (Proc. Ind. Acad. Sci., 1948, 274A, 1). 
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TABLE VI 


Refractive dispersion of d- and dl-m aminobenzoic acid camphor-8-sulphonate (water). 





‘ oa? 
n2=1 75616 + eer Aj =0.1261 
§[a}t* = wo, A3=0.1261. 


A, (from Drude’s equation)=3551 4; A, (from Sellmeier’s equation) =3551 A. 


No. Wave-length. _n (calc.) n (dextro) n (racemic) (dc). (dl—c). (d-—dl). 
(c). (d). (dl). 

1. Ligzog 1.3320 I 3320 1.3321 +0.0000 +0.0001 —0-0001 

$. Naseg3 1.3329 1.3330 1.3328 +0.0001 —0.0001 +0,0002 

3. Hgs7s0 1 3331 1.3331 1.3330 +0.0000 —0.0001 +0.0001 

4 Hgss61 1.3337 1.3337 1.3338 +0.0000 +0.0001 —0.0001 

5: Hgi3ss 1.3398 I 3398 1.3398 +0.0000 +0.0009 +0.0090 


§ This equation is taken from Singh and Manhas (loc. cit.). 


TABLE VII 


Refractive dispersion of d- and dl-p-aminobenzoic acid camphor-8-sulphonate (water). 


2 
n?= 1.76816 +e ; A$=o.1261. 
§{[a]2* = geese A} =0.1245 


A, (from Drude’s eqnation) = 3528 &; a, (from Sellmeier’s equation) = 3551 A. 


No. Wave-length. __n (cale ) n (dextro) n (racemic) (d—c). (dl—c). (d-dl). 
(c). (d). (dl). 

I. Liezos 1.3366 1.3366 1.3365 +0.0000 —0 0001 +0 0001 

2. Naggga 1.3374 1.3372 1 3374 —0.0002 +0.0000 — 0.0002 

3: Hgs780 1.3376 1.3376 1.3377 +0.0000 +0.0001 —0.0001 

4 Ags46) 1.3382 1.3382 1.3382 +0 0700 + 0.0000 +0.0000 

5- Hgs358 1.3443 1.3443 1.3442 +0.0000 (0.0001 +0.0001 


§ This equation is taken from Singh, and Manhas (loc. cit.). 


Comparison of the Values of the “Absolute” Refractive Index (navs.) and 
Absolute Rotation Constant (k,) 


The effect of dispersion can be eliminated from beth the Drude and the Sellmeier 
equations by making A?—A,*=1. The value of refractive index, ma).. in the Maxwell- 
Sellmeier equation for the wave-length A, where A= /1+A,", may be taken as the absolute 
measure of the refractive index of the medium in which the effect of dispersion is 
eliminated. 





A comparison of ko with mais.= Va’ + bo(1 +X,?), however, reveals no simple relation- 
ship between them ‘Table 1). 
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The Rotatory Dispersion and Refractive Dispersion Studies as Aids in the Determina- 
tion of the Cheracteristic Uliraviolet Absorption Bands 


It is seen that the values of A,’s, the wave-lengths of the “‘characteristic’’ absorption 
bands of the compounds (Nos. 1 to 23, Table I) in the ultraviolet region of the spectrum, 
obtained from the refractive dispersion data, are almost identical with those derived from 
rotatory dispersion measurements. We have not verified these bands by direct absorp- 
tion measurements, but the results obtained in the case of camphor by Singh aud Nayar 
(Proc. Ind. Acad. Sci., 1947, 26A, 261) and Baly (J. Chem. Soc., 1906, 89, 979) and 
Hartley (ibid., 1908, 98, 961) show that wave-lengths of the characteristic absorption 
bands obtained from rotatory and refractive dispersion measurements agree with those 
obtained by direct absorption measurements. 

The utility of rotatory and refractive dispersion studies is thus evident: they enable 
one to calculate the approximate positions of the maxima of the main ultraviolet absorp- 
tion bands. This knowledge will be particularly valuable if the absorption bands lie 
in the vacuum region where the experimental methods are rather not easy, for, by an 
investigation in polarimetry and refractometry of the substances in the visible region, 
one could obtain fairly accurate and reliable information about the ultraviolet and far 
ultraviolet absorption bands. In a similar manner, this situation may be compared to 
that obtaining in the case of Raman effect where under suitable conditions the data 
actually replace those which can be obtained only be investigations in the more difficult 
infra-red region of the spectrum. 

The authors wish to make grateful acknowledgements to the Uttar Pradesh Government 
Scientific Research Committee for the award of a Research Assistantship to one of us 
(N.S.K.), to the Banaras Hindu University for providing research facilities and to 
Dr. R. K. Asundi, University Professor of Spectroscopy, Banaras Hindu University, 
for the loan of his Pulfrich refractcmeter. 
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TEMPERATURE AND FLUIDITY.. PART III. VERIFICATION 
OF THE EQUATION 


By AsSOKE KumMAR MUKHERJEE 
The equation connecting fluidity and temperature, as deduced in Part [, has been verified ex- 
perimentally. 
The equation connecting fluidity and temperature, as deduced in Part I of this 
series (this Journal, 1951, 28, 519), is of the form 
3 ie 
¢. T? = a,. exp (b,/T) a A 
where ¢ is the fluidity of the liquid at the absolute temperature T, and a, and b, are 


constants for the particular liquid. In this part it will be examined how far this equation 


agrees with the experimental data. 




















Fig. 1 

63 The equation has _ been 
applied to about two hundred 
liquids of widely different types 
such as: fa) normal organic 
62r liquids, (6) molten metals, (c) 
vegetable and mineral oils, ‘d) 
anisotropic liquids, (e) associat- 
GIF ed liquids and (f) some in- 
organic substances in the liquid 
| state. The method of inves- 
tigation has been to examine 
“> how far the linearity of 
= (3/2 log T+log 9%) against 1/7 
~ is satisfied. The data have been 
59+ = taken mostly from the avail- 
7 able literature, specially from 

Landolt-Bornstein Tabellen. 
sal 0, Ethyl mercaptan hes Normal real 
O& Cyclopentane liquids examined were (1) 
©, Benzene paraffins, (2) 1-olefines, ‘3) 
= n-Buyh formate benzene and its homologues, 
57 ©, Chlorobenzene (4) normal mercaptans, (5) 
Ps aoe" thiols-2, (6) cyclopentane and 
®. Dioxane its homologues, (7) cyclo- 
| l hexane and its homologues, 
27 29 31 33 35 37 (8) acetone, {9) chloroform, 


(10) carbon tetrachloride, (11) chlorobenzene, (12) ether, (13) nitrobenzene, (14) dioxane, 
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(15) nitromethane, and (16) x-butyl formate. Some of the data have as well been 
taken from the publications on the Research Project, No. 44 of the American Petro- 
leum Institute under the National Bureau of Standards, U.S.A. Most of them were 
tested for a range of temperature not le-s than 30° and some of them were scrutinised 
for the whole range of their liquid states under ordinary pressure. The nature of the 
agreement has been shown in two typical and representative cases (Figs.1 and 2) from 
which it will be observed thai they are up to the expectation 


















Fig. 2 Fig. 3 
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(b} Molten Metals.—Six metals, viz., lead, cadmium, tin, antimony, copper and 
pig iron (containing 3.5% carbon) have been examined in this connection, of which the 
first four have been graphically represented in Fig. 3. Data have been taken from the 
same sources. 

‘c) Oiis.—A few glyccrides and some mineral oils have beeu selected for this pur- 
pose. ‘he former constitute pure materials, the latter are evidently commercial products. 
I'he results appear in Figs. 4, 5 and 6. It will be noticed that the graphs of mineral 
oils show deviations from linearity in some cases. It is not unlikely that this behaviour 
might be due to the fact that these substances are mixtures. 


Fig. 4 











adn — = 4 
279 285 287 291 2% 29 





(d) Anisotropic J.iquids.—Only three anisotropic liquids, viz., p-azoxyphenetol, 
ethyl p-azoxybeuzoate and p-diacetoxystilbene chloride have been studied. The 
last two have been studied for both isotropic and auisotropic ranges. The graphs for 
ethyl p-azoxybenzoate are shown here in Fig. 7 from which it will be evident that 
the plots for both the ranges are linear, but the slopes are different. p-Azoxyphenetol 
8—1801P—1. 
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also exhibits linearity in its anisotropic range (not shown here). The behaviour of 
b-diacetoxystilbene chloride (not shown) is different from all others in as much as it 
presents some inflexions in its anisotropic region which might be the result of some 
change in crystai structure of the material. 


Fig. 5 Fig. 6 
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The point of intersection of the isotropic and anisotropic regions (vide Fig. 7) 
is naturally expected to be the transition point. The transition temperature as calculated 
from the graphs agree excellently with the experimentally observed values presented 
in the following tale. ‘The values of transition temperature are taken from Londolt- 
Bornstein Tabellen). 


TABLE I 
Liquids. Transition temperature. 
Cale Observed. 
Ethy! p-azoxybenzoate 120.6° 120.4° 
p-Diacetoxystilbene chluride 139° 138° 


‘e) Associated Liquids.—A few associated liquids, viz., water, liquid ammonia 


ethylene glycol, chlorosulphonic acid, eugenol, o-, m- and p-cresols were selected. It 
appears that these liquids in general do not obey equation (1). Examining the assump- 
tions made in this cquation (Part I, loc. cit.) it wiil be noticed that the assumption 
that vibrational and rotational partition functions do not change appreciably with tem- 
perature appears to have little justification in these cases because with the change in 
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temperature, the degree of association of these liquids may change as a result of which 
rotational and vibrational! partition functions should also change. So taking into con- 
sideration the changes in these two entities, we should use the second equation 


? T? =a, exp. (b,/T) ae ws (2) 


where a, aud b, are constants (deduced in the same paper) which means that (log ¢+ 
7/2log 1) should give a straight line against 1/T. It is interesting to point out 


Fig. 7 
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in this conaection that equitions (1) aal (2) were com >ared with each other aud also 
with Andrade’s classical equation (Phil. Mig, 1934, 17, 497, 698), in the case of 


liquid ammonia and glycol ‘Figs. 8 and 9‘. The sums of the squares of deviations 


3 4 2 


for these three equations have been found to be 8.5 10°", 1.44 Io” 
for liquid ammonia, and 3.2210 * and 2.56 10~* and 3.5 x 10 for etheylene glycol. 
Evidently it appears that they fit in with equation (2) much better. This justifies the 
line of approach as presented herein an1 proves the soundness of the assumptions made. 


and 3.15 XIo~ 


However, ina number of cases the agreement is not so satisfactory even with 
the considerations made above regarding the rotational and vibrational partition func- 
tions. ‘here is, however, another possibility in these cascs of associated liquids which 
has not been paid sufficient attention to. It is well known that associated liquids 
suffer change in the degree of association as teinperature is varied. This will no 
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doubt bring about a profound change in the internal latent heat of vaporisation which 
has uptil now been regarded as constant included in the term b. in equation (2). It 




















Fig. 8 
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is easy to understand qualitatively that this will tend to impart curvature to the graph. 
(f) Inorganic Liquids.—The following substances in the liquid state were tested : 


Fig. 9 Fig. 10 
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chlorine, hydrazine, caustic soda, caustic potash, bromine, bismuth trichloride, boric 
anhydride. ‘The equation (1) is obeyed in all the cases. These liquids also show an 
excellent fit with Andrade’s equation as well excepting molten NaOH (vide Fig. to in 
which the case of KOH has also been shown). 
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STUDIES IN ANTIMALARIALS. PART XIiI. SULPHA DERIVATIVES 
OF 3 PHENYLCHELIDAMIC ACID 





By L. NEELAKANTAN, B. H. Iver AnD P. C. GUHA 


Six new derivatives of 3-phenylchelidamic acid as possible antimalarials have been prepared by 
the action of different sulpha drugs on 3-phenylchelidonic acid. 


In view of the established antimalarial activity of some sulpha drugs ‘Coggeshall, 
J. Expt. Med., 1938, 71, 13 ; Marshall et al., J. Pharmacol., 1946, 86, 273 ; cf. Bami, 
Iyer and Guha, 8th Indian Pharmaceutical Conference, 10948, pp. 41-53) and in 
view of the presence of the pyridine nucleus in many antimalarial drugs, our re- 
searches on derivatives of 3-phenylchelidonic acid (Neelakantan, Iyer and Guha, 
J. Indian Inst. Sci, 1949, 31, 51. 57) have been extended to some of its sulpha 
derivatives. Sulphapyridine, suiphathiazole, sulphapyrimidine, sulphamerazive and sul- 
phamethazine have now been reacted with 3-phenylchelidonic acid by refluxing mole- 
cular proportions of the 3-phenylchelidonic acid and the sulpha drug in alcoholic 
solution. The corresponding derivatives (II, III, IV, V and V1, where N* of the 
sulpha drug forms the nuclear N of the chelidamic acid) have been isolated in good 
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In the case of sulphanilamide, however, two molecules reacted with one of the 
3-phenylchelidonic acid, both the pyrone oxygen as well as the keto oxygen reacting 
with the N*-amino of one and N'-sulphonamido group of another molecule of sulph- 
anilamide respectively to yield {1’. 

When tested pharmacologically N-(p-sulphonamidophenyl,-4-(p-aminophenylsul- 
phonimino)-3-phenylpyridine- 2: 6-dicarboxylic acid (I) showed some suppressive activity 
against P. gallinaceum in chicks. 

EXPERIMENTAL 

N-(p-Sulphonamidophenyl) 4- (p-aminophenylsulphonimino) -3- phenylpyridine-2: 6- 
dicarboxylic Acid (1).—3-Phenylchelidonic acid (2.6 g.) was dissolved in water and 
to this was added a solution of sulphanilamide (3.5 g.) in water. The whole was 
refluxed for 6 hours. The product separating was removed by filtration when hot, 
boiled with alcohol first, and after filtration it was subsequently boiled with water. 
This was then dissoived in alkali, treated with norite, and the clear solution carefully 
neutralised, using an indicator, to give colorless crystals, m. p. 234°, yield 2.8g. 
(50%). (Found: C, 53.18; H, 3.24; N, 9.85. C.;H2.0,N,S,. requires C, 52.81; H, 3.52; 
N, 9-86 per cent). 

N-(2'-Pyridyl-p-sulphonamidophenyl)-3-phenylchelidamic Acid (11}.—An alcoholic 
solution of 3-phenylchelidonic acid (2.6 g.) and sulphapyridine (2.3 g.) was refluxed for 
half an hour. On cooling, a produci separated, which was cooled, purified in the 
usual way by dissolving in alkali and after precipitation was crystallised from alcohol 
as light brown crystals, m.p. 142°, yield 2g. (Found: N, 8.38. C.4His0;N;S requires 
N, 8.53 per cent). 

N-(2’-Thiazolyl-p-sulphonamidophenyl)-3-phenylchelidamic Acid (II1}.— Sulpha- 
thiazole (2.55 g.) and 3-phenylchelidonic acid were reacted as in the previous case by 
The product was purified in the same way as before and from 


refluxing with alcohol. 
(Found : N, 8.37. 


alcohol gave a micro-crystalline yellow compound, m.p. 92°. 
C.2H,.O,N;S, requires N, 8.45 per cent). 
N-(2’-Pyrimidyl-p-sulphonamidophenyl -3-phenylchelidamic Acid (IV).—An inti- 
mate mixture of 3-phenylchelidonic acid (2.6g.) and sulphapyrimidine (2.5 g.; was 
refluxed in alcohol for 1 hour. The product obtained on cooling was purified by 
dissolving in alkali and precipitation with acid. This was then crystallised from alcohol, 
m.p. 242°, yield 2.8g. (Found: N, 11.15. C.;H,.0;N,S requires N, 11.38 per cent) 
N-[2'-(4'-Methyl)-pyrimidyl-p sulphonamidopheny! ]-3-phenylchelidamic Acid (V).— 
3-Phenylchelidonic acid (2.6 g.) and sulphamerazine (2.6 g.) were reacted in the same 
way as before and the product after purification and crystailisation from alcohol gave 


yellow crysials, m.p. 175°, yield 2g. (40%). (Found: N, 10.85. C.4H,,0;N,S 


requires N, 11.1 per cent). 
N.[2!-(4’ : 6'-Dimethyl)-pyrimidyl-p-sulphonamidophenyl|-3-phenylchelidamic Acid 


(VI).—Sulphamethazine (2.8 g.) was reacted in the same way with 3-phenylchelidonic 
acid and on crystallisation the product came out as pale yeliow needles from alcohol, 
m.p. 120°, yield 2.5 g. (Found: N, 10.72. C,,;H,.O;N,S requires N, 10.98 per cent). 
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CHEMICAL EXAMINATION OF SEEDS OF [POMOEA MURICATA. PART II, 


By A. L. MISRA AnD J. D. ‘Tewari 


The alcoholic extract of the seeds yields a light brown resinous product (A), which on being heated 
with petroleum ether deposits a waxy crystalline substanace of m. p. 68-68.5°. 

Phytosterol of m.p. 136-37° has been isolated from the ether extract of (A). The benzene or ethyl 
acetate extract of (A) on being treated with lead acetate yields a glucosidic substance, Muricatin-A 
(C3gH 6904, m-p. 115-18°), caffeic acid, and a wax-like product containing phosphorus. 


Apart from the fixed oil which the seeds contain ‘the analysis of which has been 
reported in a previous paper, this Journal, 1951, 28, 721), thiey yield from their alcoholic 
extract a light brownish, resinous mass with a peculiar sweet smell, when hot, to the 
extent of about 13% on the weight of the seeds. The mass on being shaken with 
petroleum ether is deprived of the fixed oil with which it is contaminated. This fixed 
oil on being allowed to stand for three or four months begins to deposit a small amount 
of a waxy crystalline mass of m.p. 68°-68.5°. The ether extract of the resinous mass is a 
highly bitter, brownish substance, ‘The only crystalline material that could be isolated 
from this fraction was a phytosierol of m.p. 136-37°. ‘he benzene or ethyl acetate extract 
of the resinous mass (35%) on being subjected to lead acetate purification process 
yielded a glucosidic body, tentativeiy named as Muricatin-A, m.p. 115-18° (Votocek and 
Kastner, Z. Zuckerind. Bohm, 1907, 31, 307; Votocek, Ber., 1910, 48, 476; Z. Zuckerind. 
Bohm, 1912, 36, 577! when perfectly dry, corresponding to C3,H..O0,, which failed to 
crystallise. The lead lake obtained during the purification process yielded a crystalline 
acid, caffeic acid, and a wax-like material containing phosphorus. Crystalline derivatives 


of these have been prepared. 
EXPERIMENTAL 


The crushed seeds were extracted with boiling 95% rectified spirit on a water-bath. 
The extract was completely freed from the solvent leaving behind a dark brown, viscous 
material, bitter in taste. ‘The material was dried and extracted with petroleum ether 
(b.p. 40°-60°) in cold, in portions, 

Petroleum Ether Fraction.—It contained mostly the oil which in its concentrated 
solution in petroleum ether dissolved a very small fraction of the glucosidic resin which 
separated on removal of the solvent and allowing it to stand for 24 hours. The oil was 
decanted and the glucosidic resin worked up separately. 

From the bright yellow semi-dying oil, a white crystalline substance in very small 
yield separated out on standing for 3 !o4 months. This substance was filtered off in 
a sintered Gooch funnel and washed with a little cold petroleum ether. It is soluble 
in practically all the fat soivents. From the boiling alcuvhol, it crystallises out in small 
“On coming in contact with concen- 


°o 


leaflets on cooling. It melts sharply at 68-68.5°. 
trated sulphuric acid it begins to turn reddish brown but can be kept in a 50% caustic 
potash solution without any change. It did not give the usual sterol tests. The amount 
being too little, it could not be worked up further. 
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Ether Extract of the Resin.—It was a syrupy, viscous, dark red extract, when 
freed from the last traces of ether and was found to be intensely bitter. Attempts to 
obtain any crystalline compound by fractionally precipitating it in different solvents 
were futile, for the products that separated soon resinified. The extract was soluble 
in alcohol, glacial acetic acid, a little in benzene or chloroform and practically insoluble 
in water. Elementary analysis showed the absence of nitrogen, sulphur and halogens. 

Hydrolysis of the Ethereai Extract with KOH.—It was refluxed for 4 to 5 hours with 
semi-normal alcoholic alkali. After the completion of hydrolysis, alcohol was removed, 
soap dissolved in water, shaken with ether to remove the unsaponifiable matter, from 
which fine crystalline needles of m.p. 136-37°, answering to all the tests of phytosterols, 
were obtained. ‘I'he acetate melts at 131-33° and the composition of the sterol corres- 
ponds to C,,;H,.O. The aqueous layer on acidification and ether extraction did not 
give anything crystalline. 

Chloroform Extract of the Resin.—The dark brown, syrupy extract was found to 
be slightly bitter. Attempts to separate any definite bitter principle from this fraction 
were, however, unsuccessful. 

Benzene or Ethyl Acetate Extract of the Resin.—It was possible to separate the 
light brownish resin obtained to the extent of 13% on the weight of the seeds by alcohol 
extraction, into two parts-one soluble (about 35%) and the other insoluble. The brittle 
mass was first thoroughly digested with petroleum cther (b.p. 40°-60°) in cold to remove 
the contaminating oil and then repeatedly with benzene to remove the benzene-insoluble 
part. The benzene-soluble part was then subjected to the following treatment. 

From the benzene-soluble part, the solvent was distilled off and the last traces 
removed on a water-bath. The solid so obtained was dissoived in alcohol and treated 
with an alcoholic lead acetate solution, when a volumiuous vellow lead lake was obtained. 
The lead lake was removed by filtration over a pump, washed with a little alcohol and 
collected separately. ‘The filtrate was freed from the excess of lead by passing a current 
of hydrogen sulphide. The filtrate finally obtained was refluxed with animal charcoal and 
the excess solvent distilled off. The resulting syrupy mass was dried over a water-bath 
to remove the last traces of alcohol and acetic acid. Finally it was shaken with petro- 
lerm ether. The remaining residue was taken up in ether and reprecipitated by adding 
petroleum ether. The yellowish white preceipitate was filtered off, refluxed with 95% 
alcohol and animal charcoal. The final product wasa pale yellow, hygroscopic, brittle 
solid. It has been tentatively named as Muricatin-A (Sahina and Yaoi, J. Pharm. 
Soc. Japan, 1925, 5, 523; Poleck and Samelson, J. Chem. Soc., Abst., 1885, 669-70; 
Votocek, Z. Zuckerind. Bohm, 1905, 30, 117). 

Properties of Muricatin-A.—It is soluble in all organic solvents except petroleum 
ether. It is insoluble in hot water but seems to emulsify in cold water. ‘The solution 
in water froths on shaking. It is also soluble in hot glacial acetic acid and aqueous or 
alcoholic alkali. The solution in alkali froths and precipitates it unchanged on acidifi- 
cation. The taste is acrid and in the form of a fine powder promotes sneezing. 
It begins to soften at 55° depending on the state of its dryness, but when dried at 100° 
for 2 hours, it meltsat 117-18°. As such it does not reduce Fehling’s solution but 
does so on hydrolysis with mineral acids in glacial acetic acid solution ; aqueous 


























CHEMICAL EXAMINATION OF SEEDS OF IPOMOEA MURICATA 65 


mineral acids bring about its hydrolysis very slowly. It slowly dissolves in cold con- 

‘ centrated sulphuric acid forming a pink colour that changes to brown on warming. 
Acetic anhydride in presence of a drop of concentrated sulphuric acid dissolves it on 
warming to form a bluish green colour. Concentrated nitric acid attacks it vigorously 
even in cold, with the evolution of large amounts of heat, carbon dioxide, oxides of nitro- 
gen. Bromine water has no action over it but alkaline potassium permanganate solution 
is slowly decolorised with the evolution of heat. On being heated over a spatula it first 
melts and burns with a flame, which is very slightly smoky producing smell of burning 
oil. It does not give any precipitate with silver nitrate, lead acetate and no coloration with 
ferric chloride. It gets readily acetylated yielding a product of variable composition, 
which is colorless and hygroscopic. [Found : C, 57.21; H, 8.5; M W. Rast), 660, 664. 
C32H0O,, requires C, 57.63 ; H, 8.98 per cent. M.W., 668]. 


Chemical Examination of Lead Lake.—The lead lake ‘Power and Rogerson, J. 
Amer. Chem. Soc., 1910, 32, 80; J. Chem. Soc., 1912, 101, 398 ; torr, 99, 304) obtained 
during the purification of crude resin by lead acetate purification, after being filtered and 
washed, was deco™posed with a cold 10% sulphuric acid solution and filtered. ‘The 
lake assumed a brownish colour. The filtrate was treated with a 50% caustic potash solution 
so that the liquid did not contain more than about 10% of the free alkali. The liquid 
assumed a dark red colour and became quite hot. It was then boiled for about half 
an hour. During b°iling much of frothing took place. ‘The still hot liquid was then 
carefully treated with 33% sulphuric acid till just acidic. ‘The cooled lukewarm liquid 
began to deposit potassium sulphate in a crystalline form. This was immediately filtered 
off and the hot filtrate thoroughly shaken with ether twice or thrice. ‘The yellowish 
red ethereal layer after removal of the solvent left a brownish white residue. This 
was then taken up in thirty times its weight of boiling water, boiled with a little animal 
charcoal and filtered, when beautiful pale yellowish prismatic crystals separated 
out on cooling, which were filtered and dried in vacuo, m.p. 208°-200°. [Found: 
C, 50.75; H. 4.60; M.W., 178, 181. C.,H,O, requires C, 60.00; H, 4.44 per cent. 
M W., 180). 

In aqueous solution it gave a dark green colour with ferric chloride. The colour 
changed to violet on dilution with water. With 10% sodium carbonate solution, a blue 
colour was visible which changed to reddish violet. It is a- powerful reducing agent 
and gives test for unsaturation in the molecule. When treated with alkali it was convert- 
ed into protocatechuic acid. Hence the original compound is nothing but caffeic acid 
(3: 4-dihydroxycinnamic acid). 

Preparation of Acetyl Derivative.—Caffeic acid (0.3 g.) was boiled with ro c.c. of 
acetic anhydride and fused sodium acetate (1 g.) for 3 to 4 hours on a sand-bath with an 
air condenser. On cooling, the acetylated compound separated out which was filtered 
and recrystallised from dilute alcohol in needles, m.p. 190-91° (lit. m.p. ro1°). 


Methyl Ester of the Acid.—A small amount of the acid {0.4 g.) was dissolved in 
absolote methyl alcohol, saturated with dry hydrochloric acid gas. The product of the 
reaction was then poured into water and the mixture extracted with ether, The subs- 
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tance obtained was recrystallised from dilute alcohol in pale yollow needles, m.p. 157- 
58° (lit. m.p. 158-599). 

Isolation and Properties of the Lipoid.—The gummy mass remaining after the 
treatment of the lead lake with 10% sulphuric acid was well washed with water, suspended 
in alcohol and hydrogen sulphide passed into it. Lead sulphide was filtered off and the 
filtrate after removal of the alcohol left a dark brownish sticky mass, soluble in alcohol, 
ethyl acetate, methyl alcohol, chloroform and benzene but difficultly in water and cold 
acetone. The gummy mass contained phosphorus and it was thought highly probable 
that it might contain some lipoid (cf. Rosenthaler, “‘Plant Chemistry’). The isolation 
was done as follows. 

The acetone solution of the brownish gummy substance was treated with a saturated 
solution of cadmium chloride in methy] alcohol, when a precipitate of cadmium salt was 
thrown down. ‘This was separated, washed with ether two or three times and the wash- 
ings were collected. The cadmium salt was suspended in about four times its volume 
of chloroform and treated with a 25% solution of ammonium hydroxide in methyl alcohol 
until no more yellow precipitate came down. This was filtered off and the filtrate 
dried. in vacuo at room temperature. The residue thus obtained was dissolved in ether 
and from the solution the ether was evaporated. The residue was finally treated with 
absolute alcohol to free it from adhering kephalins, which remained undissolved. ‘Thus 
the lipoid was separated into impure lecithin and kephalin. 

The lecithin part, which was a pale yellow waxy substance with a peculiar smell, 
was hygroscopic. It formed a double salt with cadmium chloride and with sodium 
hydroxide on boiling gave out a foul smell. It dissolved readily in all fat solvents but 
sparingly in acetone. In excess of water it dissolved forming a colioidal solution which 
did not coagulate even after boiling. It contained nitrogen and phosphorus. 

Hydrolysis of Impure Lecithin with Baryta.—The lecithin was taken up in water 
and to it a saturated solution of baryta was added. The addition of excess of 
baryta afforded a beautiful yellow precipitate. This was refluxed for about six hours and 
on cooling the yellowish white barium soap was filtered off. ‘The aqueous solution con- 
taining excess of baryta was treated with carbon dioxide gas until no more. barium 
carbonate was precipitated down. The precipitate was filtered off and the filtrate eva- 
porated to dryness on a water-bath. The residue was treated with absolute alcohol and 
filtered. The undissolved portion was found to contain barium and phosphorus showing 
that it was barium glycerophosphate. 

From the alcohol-soluble part, the solvent was removed when a strongly alkaline 
“syrup containing nitrogen was left behind which was basic in character. 

Preparation of Crystalline Salts of the Base.—The alcoholic solution of the base 
was treated with an alcoholic solution of platinic chloride, when a yellow crystalline 
precipitate of double chloroplatinate of the base was obtained on standing. It was 
filtered, and a little of it, dissolved in water and kept ina watch glass in a desiccator, 
deposited needle shaped crystals of chloroplatinate. 

An alcoholic solution of the base was treated with an alcoholic solution of mercuric 
chloride when a yellowish white crystalline precipitate was obtained on standing. 
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With picric acid, a yellow crystalline precipitate was obtained. With potassium 
hismuth iodide reagent, a beautiful reddish brown double salt was precipitated, which 
was filtered, washed and dried in a vacuum desiccator. 

Treatment of the Barium Soap from the Alkaline Hydrolysis of the Lipoid.—The soap 
was suspended in water and decomposed with dilute sulphuric acid. It was then shaken 
with ether and the ethereal layer after being dried over fused calcium chloride yielded 
a waxy crystalline mass. After one or two crystallisations from alcohol, the m.p. was 
50-52°. It gives a crystalline lead salt and seems to be a mixture or two or more 
saturated fatty acids. 

‘The ethereal layer along with the above waxy acid afforded a compound answering 
to ail the tests of sterols. It was separated from the bulk by treating the residue with 
a little cold petroleum ether ‘b.p. 40°-60°) and crystallising the product... It is a 
simple phytosterol, m.p. 130°-31°. From the foregoing analysis it appears highly 
probable that the lipoid obtained is a mixture of various lecithines since on hydrolysis no 
single fatty acid could be isolated. 

One of us ‘A.,.M.) wishes to make grateful acknowledgement to the Kanta Prasad 
Research Scholarship Endowment Trust of U.P. for the award of a research scholarship 
which has enabled him to take part in this investigation 
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ALTERNATING CURRENT ELECTROLYSIS. PART I. 
OXIDATION OF GLUCOSE 


By A. N. KAPPANNA AND K. M. JOSHI 


A study of the effect of passing altetnating currents of different frequencies (3 ~ per 
second to 50 — per second ) through a solution containing 20 g. of KBr and 180 g. of glucose per 
litre in which calcium carbonate is suspended has been made. 
current efficiency at low frequencies (3 ~ per second ) is as high as about 55% reckoned on the 
formation of calcium gluconate. The current efficiency has been found to fall off gradually with 
increase in frequency-falling to 14% ata frequency of 50,per second. A similar result has been 
obtained using graphite electrodes but the efficiency is comparatively low, 6.5% at a frequency of 3 


With platinum electrodes, the 


per second. 

With both sets of electrodes, the current efficiency has been found to increase with current 
density. 

The results have been explained on the basis of difference in the rates of (i) union of bromine 
atoms to molecules on the electrodes and the subsequent release of bromine molecules into the 
solution in a half cycle and (27) the reunion of primary discharge products on the electrodes. 

The lower efficiency of graphite electrode is probably due to its greater power of adsorption 
towards the discharged products and its ability to promote their reunion, thus diminishing the 
amount of bromine released into the solution. These points have further been confirmed by a 
study (with both sets of electrodes ) of the current efficiency of alternating currents in the libe- 
ration of bromine from solutions containing only potassium bromide. The efficiencies of bromine 
liberation run parallel to efficiencies in gluconate formation but are comparatively small in the 
former. This has been explained and shown to be due to the reduction of bromine at the ele- 
trodes after release into solution while there is no reversibility in glucose oxidation. 


Interesting observations on the chemical effects produced by the passage 
of an alternating current through electrolytes have been made by several inves- 
tigators. Most of these researches are of a qualitative nature. The theoretical 
significance of several of these, however, is great from the view point of the 
kinetics and mechanism of electrode processess. The classical work of Le 
Blanc and Schick ( 7. phystkal. Chem., 1903, 46, 213: 7. Electrochem. 1903. 9, 
636) on the relationship between the chemical effects produced and the fre- 
quency of alternation, and the researches of Ghosh ( 7, Amer. Chem. Soc.. 1914, 
36, 2333 ) and of Marsh and Evans( Proc. Roy. Soc., 1923, 102A, 238 ) on the 
polarisation of the electrodes on the passage of alternating currents, demons- 
trating the reversibility or otherwise of reactions on electrodes by alternating 
impulses are noteworthy for the lead they give in showing the possibilities which 
alternating current studies provide for a clearer understanding of the complicated 
dynamics of the processes at electrodes. 

Investigations have been in progress in this laboratory since 1945 on the 
electrolytic effects of alternating currents in several electrolytes. One of the 
reactions chosen, as well suited for investigation in this context, was the elec- 
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trolytic oxidation of glucase to gluconic acid, potassium bromide being the 
electrolyte. In direct current electrolysis, the oxidation of glucose is brought 
about by the bromine liberated at the anode in accordance with the equation, 
CgH120, + H2O + Bro —> C,H;,07 + 2HBr. 

The reaction between glucose and bromine in the homogeneous phase is not a 
very rapid reaction unless the #a° of the solution is maintained at the neutral 
level. This condition is achieved by the suspension of calcium carbonate in 
the electrolytic cell whereby the two acids produced in the reaction are con- 
verted into their calcium salts. This electrolytic reaction has been thoroughly 
studied by Fink and Summers (7rans. Amer. Electrochem. Soc. 1938, 74, 325). 
The current efficiency with graphite electrodes is very nearly 100% and the 
oxidation is not reversed at the cathode. The features of this reaction are 
particularly well suited for investigation with an alternating current as any 
formation of calcium gluconate in the electrolytic cell would throw light on the 
primary and secondary electrode processes. 


ExPERIMENTAL 


In the experiments performed, the alternating current was obtained by 
connecting the direct current terminals from accumulators to a rotating com- 
mutator of practically the same type as that used by LeBlanc (Joc. «z7.). The 
alternating current obtained from the commutator was of the square wave type. 
The advantage in using current of this wave pattern for electrochemical work 
is that it ensures a uniform current density during each half cycle. The com- 
mutator was coupled to an electric motof the speed of which could be reguiated 


Fic. 1 


dc. millicmmeteh. 





a |,! 
| _ 











at will by means of a rheostat in the circuit, thus making »vailable the alterna- 
ting current of different frequencies. The commutator had two split rings 
insulated from each other by ebonite; current was fed to the commutator 
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through compressed graphite brushes kept in position by springs. The com- 
mutator had also a fitted-in revolution counter which enabled the frequency of 
alternation to be measured. The circuit employed is shown in Fig. 1. 


The direct current was obtained from storage cells. In the D C. portion 
of the circuit, a plug key, a rheostat and a D. C. milliammeter were inserted in 
series. In the A. C. portion, the electrolytic cell under investigation was inter- 
posed. For purposes of comparison, an identical cell was inserted in the D. C. 
portion of the circuit. 


The electrolytic vessels were Pyrex beakers of 600 c.c. capacity provided 
with stirrers and kept in a thermostat maintained at 35+1°. 


The electrodes used were polished platinum measuring 2.5 cm. x 2 cm., and 
graphite. The distance between the electrodes in all the experiments was 
8 cm. 


The electrolyte was prepared by dissolving 180g. of glucose and '20g. of 
potassium bromide in one litre of water. Exactly 500 c.c. of this solution were 
used in the cell for each experiment.*About 15 to 20g. of precipitated calcium 
carbonate were added to each cell to keep the electrolyte neutral. 


After the passage of nearly five to six ampere hours of electricity through 
the cells, the electrolytic solution was filtered and the calcium content was 
determined by the standard method of precipitating it as oxalate and estimating 
the oxalate by permanganate oxidation. 


Effect of Frequency of Alternation on the Formation of Calcium Gluconate 


TABLE I 
Platinum electrodes ; current=1.5 amp. 


Yield of Ca gluconate A. C. efficiency as 


Frequency. Amp. hrs. D.C. AC. compared with D. C. 
1 per min. 5.25 19.97 g. 20.47 g. 102.4 % 

3 per sec. 45 17.76 10.59 59.5 
5 4.5 17.51 9.33 53.3 

10 4.5 18.16 8.88 47.72 

20 4.5 19.36 4.97 25.67 

35 4.125 15.78 2.72 17.3 


50 3.375 12.78 181 14.16 
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Graphite electrodes ; 


Frequency. Amp. hrs, 
1 per min. 6.0 
3 per sec. 4.5 
10 7.33 
20 13.33 
35 5.0 
50 6.0 


Effect of Current Density on Current Efficiency 


C. D. 
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TABLE II 


Yield of Ca gluconate. 


D. C. 


24.30 g. 


17.84 
29.42 
50.98 
2135 
26.82 


TABLE III 


A. C. 
17.78 g. 
1,17 
0.62 
0.46 
0.12 


0.12 


Frequency =20~ per sec. 


Yield of Ca gluconate. 


Electrode. (ma/cm?) Amp. hrs. ne 
Platinum 50 ) 44.24 g. 
” 150 4.5 19.27 
Graphite 30 6.6 25.49 
os 42 12 45.4 
50 12 47.8 
DISCUSSION 


A.C. 


5.89 g, 
4.97 
0.23 
1.033 
1.09 











current=2 amp. area=70 cm?. 


A. C. efficiency as 
compared with D. C 


71.8 % 
6.49 
2.11 
0.902 
0.45 
0.37 





A. C. efficiency as 
compared with D. C. 


13.13 % 
25.67 





1.08 


Following points emerge from an examination of the data given in the 


tables : 


(z) The current efficiency, as understood in direct current electrolysis 
and as applied in the present case to the production of calcium gluconate, 


diminishes with increase in frequency of alternation. 


(72) The current efficiency increases with increase in current density. 


(zz) Platinum electrodes are far more efficient than graphite electrodes. 
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When an alternating current is passed through an electrolyte between 
two electrodes, one should not expect any net chemical effect if the secondary 
electrode reactions are perfectly reversible. The fact that a net chemical 
change is observable is due to the difference between the rates of reactions 
at electrodes and the rate of alternation. The diminution in current efficiency 
with increase in frequency is thus due to an approach towards equality of the 
two rates. 


The oxidation of glucose in direct current electrolysis is brought about 
by the bromine liberated anodically thus : 


Br —> Br +4 we on the electrode. (1) 
Br +Br —> Bre sie do (2) 
Bro+H2O —> Bro(aq)_... in solution. (3) 
Bro+CeHi20g,+H2O —> gluconic acid+2 HBr ... do ... (4) 


In A. C. electrolysis, where the same electrode becomes alternately the 
seat of formation of bromine and potassium atoms, the release of bromine into 
solution can take place under the condition that some at least of the bromine 
atoms liberated on the electrode during one half cycle escape after combining 
into molecules before the half cycle is over. This can happen only if the rate 
of combination of bromine atoms to form molecules is greater than the rate 
of alternation. If we can increase the rate of alternation to such a limit that 
it becomes equal to the rate of combination of bromine atoms, we should 
expect no release of bromine into the solution. Further proceeding from low 
frequencies onwards, one should expect a gradual diminution of efficiency of 
this process with increase in frequency. Data in Tables I and II show that 
these expectations are experimentally realised. 


In the particular reaction studied, it is clear from the data that the rate 
of reaction between the two products (formed by the opposite impulses on 
the same electrode) is much faster in the case of graphite electrodes than in 
the case of platinum electrodes. This is, in all probability, due to the some- 
what porous nature and the greater adsorbability of the products on the 
electrode as also the greater rate of the heterogeneous reaction between the 
adsorbed products. 


As the oxidation of glucose takes place mostly in the homogeneous phase 
on the release of bromine from the electrode into the solution, it appears obvious 
that a compact platinum surface is more favourable for such release than the 
surface of a graphite electrode. If this inference be correct, one should expect 
a much greater efhciency for the electrolytic liberation of bromine in she A.C. 
electrolysis of a solution of potassium bromide with platinum electrodes than 
with graphite ones. 


The results of a few experiments with 2% potassium bromide as an 
electrolyte, electrolysed between (a) platinum and (4) graphite electrodes, are 
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the amount of bromine liberated was estimated iodometrically. 


TaBLeE IV 
Effect of frequency. 
Electrolyte=2% potassium bromide. 


Frequency 


Electrode. (per sec.) Electrode area. Current. Time. 
Platinum 5 4cm* 0.5,amp. 60 min. 
10 r 
* 20 = ‘ 
30 
a 40 a 
Graphite 5 1l cm? 1.0 amp, 
ee 10 
TaBLe V 
Effect of current denstty. 
KBr=2% solution. 
Electrode. yee i Current. Electrode area. Time. 
Platinum 10 0.25 amp. 4cm* 120 min 
rs . 0.5 a 60 
o 0.75 % 40 
” 1.00 0 30 
Graphite 5 1.00 11 60 
o 0 15 “ 40 
a " 20 - 30 
TABLE VI 
Effect of concentration of KBr. 
Frequency = 10 cycles per sec. 
Electrode. Conc. Current. Time. 
Platinum 0.5 % 0.5 amp. 60 min. 
” 1.0 - ” 
” 2.0 - Ps 
5.0 o * 


” 10.0 ” ” 





given in the following tables. Current was passed through the electrolyte 
fora definite period of time with occasional stirring of the electrolyte and 


% Current 
efficiency. 


20.2 
15.55 
6.0 
4.53 
2.83 
0.32 
0.02 


%, Current 
efficiency. 


5.02 
15.55 
16.86 
23.83 

0.32 

1.58 
2.45 


% Efficiency. 


12.6 
14.73 
15.53 
13.91 
9,91 

















ALTERNATING CURRENT ELECTROLYSIS 


TABLE VII 


Effect of duration of electrolyszs. 


KBr=2% solution. 


Current. Time. % Efficiency. Current. Time. % Efficiency. 
Electrode—Pt. Electrode— graphite . 
9.5 amp. 15 min. 17.02 1.0 amp. 15 min. 0.38 
30 15.3 a 30 0.327 
i 60 15.5 ‘ 60 0.32 
90 14.14 i 90 0.313 


The most striking feature of the above results is that for a given frequency 
and current density, the current efficiency of bromine formation on the same 
electrode material is less than the current efficiency of glucose oxidation. For 
example, on platinum at a frequency of 5 cycles per second and a current 
density of 150 ma. per sq. cm., the current efficiency for glucose oxidation is 
nearly 53%, while that for bromine liberation is only 20%. A similar difference 
is observable in the case of graphite electrodes. On both the sets of electrodes, 
the current efficiency increases with the current density. 


The oxidation of glucose is a secondary process following the formation 
of bromine on the electrolysis of potassium bromide and so the efficiency of 
gluconate formation should not exceed that of bromine liberation whether in 
D. C. or A. C. electrolysis. There are, however, factors that may produce 
a difference The oxidation of glucose in solution by bromine in a neutral 
medium is a fairly quick reaction and the oxidation is electrolytically irreversible. 
Thus, every molecule of bromine liberated from the electrode is quantitatively 
utilised in oxidation. The efficiency as measured by glucose oxidalion is there- 
fore a correct measure of bromine liberation. The main reason for the 
observed lower efficiency in the electrolysis of potassium bromide is that the 
bromine liberated is reduced at a later stage, as we are not in a position to isolate 
the two reactions in alternating current electrolysis by the use of a diaphragm. 
This point has been verified by carrying out efficiency measurements in D. C. 
electrolysis of potassium bromide (with platinum electrodes) without the use 
of a partition. The maximum efficiency attained is 76% and this diminishes 
with progress of electrolysis. 


The increase in the efficiency of gluconic acid formation as well as in 
the electrolytic liberation of bromine from potassium bromide solutions with 
increase in current density at the same frequency is a noteworthy point. 
Instances of such a behaviour in D. C. electrolysis are not uncommon. In A. C. 
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electrolysis, with increase in current density at any frequency during a half 
cycle, a greater number of bromine atoms is discharged on unit surface and 
consequently, a greater number of bromine molecules is released into solution 
in that half cycle. The fact that when potassium bromide is electrolysed 
the current efficiency increases with current density indicates that this 
increase in the number of bromine molecules released into solution rather 
oversteps the increase to be anticipated on a mere current basis. Of the 
various causes conducive to this increased output of molecules, the most 
probable one appears to be the greater proximity of the liberated atoms 
on the surface of the electrode at higher current density, a condition very 
favourable for the union of a greater proportion of the atoms. The parallelism 
that runs between increased current efficiencies, under similar conditions, 
in glucose oxidation reaction and electrolytic liberation of bromine seems 
to justify this explanation. It is, of course, assumed that the oxidation of 
glucose proceeds entirely in the homogeneous phase and that even in the 
well stirred electrolyte, the molecules of glucose brushing past the electrode 
surface are not appreciably affected by bromine held by physico-chemical 


forces on the electrode. 
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SYNTHETIC INSECTICIDES. PART IV. CONDENSATION 
OF BUTYLCHLORAL HYDRATE WITH CRESOLS, 
SOME DIHYDRIC PHENOLS AND THEIR 
METHYL ETHERS. SYNTHESIS OF 
ax- 61s-(ARYL)- B: B: YTRICHLO-RO 
-n-BUTANES 


By ( Miss) Latrxa H. Darat anv R. C. Suan 


In continuation of the previous work, condensations of cresols, their methyl ethers, 
resorcrinol, its dimethyl ether, catechol and veratrole with butylchloral hydrate have been carried 
out. The constitutions of the dicondensation products from o-cresol methyl ether and veratrole 
were proved to be of the type «:4-bis(aryl)-£:8:7-trichloro-n-butanes. The constitutions of 
the dicondensation products of m- and p-cresols and their methyl ethers could not be proved in 
the usual way and have been provisionally assigned similar structures. No definite compound 
could be isolated in the condensation of resorcinol dimethyl ether, while those of o-cresol, 
resorcinol and catechol were unsuccessful. 


In extension of the work done on the synthesis of <:«-475-(aryl )-8: 8: y- 
trichloro-m-butanes (this Journal, 1949, 26,549; 1952, 29, 13,18) butylchloral 
hydrate has been further condensed with o-, m-, f-cresols, their methyl ethers, 
resorcinol, resorcinol dimethyl ether, catechol and veratrole. 


In the case of g-cresol, methyl ethers of o-, m- and #-cresols and veratrole, 
the condensations with butylchloral hydrate could be best effected in presence 
of a mixture of concentrated sulphuric acid and acetic acid, while m- cresol 
could be successfully condensed in presence of concentrated sulphuric acid. 
o-Cresol methyl ether, /-cresol and veratrole furnished the same products when 
condensed with butylchloral in presence of anhydrous aluminium chloride in 
nitrobenzene. In ail these cases dicondensation products of the type «:«- 
bts-( aryl )-8:8:Y-trichloro-m-butanes (I and II) were obtained. The 
dicondensation product from m-cresol on methylation gave an oil and 


SA ___Me P 
Me ¢ >—CcH-¢ ) OMe RO >- cH— > OR 
Cc, x, a CCl, Me 


| 
ea CHCl 
CH; CHs 


(I) (IT) 


hence could not be directly compared with that from m-cresol methyl 
ether ; the methyl ether of f-cresol condensation product was, however, found 
to be the same as that obtained on the condensation of #-cresol methy! ether. 


2 
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Condensation products of o-cresol methyl ether and veratrole readily 
yielded unsaturated oils on refluxing with alcoholic potassium hydroxide or 
sodium in alcohol. However, the methyl ether of m-cresol condensation product 
and also the condensation products of methyl ethers of m- and f-cresols were 
difficult to dehydrohalogenate, and furnished pure crystalline unsaturated 
compounds. The same unsaturated compound was obtained from the methyl 
ether of m-cresol condensation product as well as from the condensation product 
of m-cresol methyl ether. The difficulty in dehydrohalogenation finds parallel 
in the observation of Frankforter and Hartis, who found similar difficulty in 
the case of the condensation product of chloral with methyl ether of p-cresol 
(J. Amer. Chem. Soc. 1926, 48, 3145). Attempt to further dehydrohalogenate 
the unsaturated compound, obtained from the metiiyl ether of 4-cresol condensa- 
tion product, did not meet with success, the original compound being 


quantitatively recovered. 


Unsaturated oils obtained from the dicondensation products of methyl 
ether of o-cresol and veratrole could be easily oxidised by refluxing with chromic 
acid in acetic acid to the known diaryl ketones. Hence, the constitutions of 
these compounds were proved to be «:<-dis-(3-methyl-4-methoxyphenyl)- 
8:8:7-trichloro-z-butane (I, R=Me) and «: «-d7s-( 3: 4-dimethoxyp'enyl )- 
8B: 8: y-trichloro-m-butane ( I, R=QMe ) respectively. 


All attempts to oxidise the pure unsaturated crystalline com- 
pounds obtained from the dicondensation products of methyl ethers of 
m-and p-cresols were unsuccessful. However, the condensation products from 
m-cresol and its methyl ether have been provisionally assigned the constitutions, 
«: «-b2s-( 2-methyl-4-hydroxyphenyl )- and «:« -57s-( 2-methyl-4-methoxy- 
phenyl )-8 : 8 : Y-trichloro-7-bucanes (II, R@H and R= Me) respectively on the 
general reactivity of m-cresol and m-cresol methyl ether (Claus and Kraus, 
Zer., 1887, 20, 3089). Similarly, the dicondensation products from /-cresol and 
its methyl ether have been assigned the constitutions <:«-d7s-( 2-hydroxy-5- 
methylphenyl)- and  «:«-dzs-( 2-methoxy-5-methylpheny! )-8:8:7-trichloro-7- 
butanes (cf. Frankforter and Harris, Joc. cz‘. ). 


Oxidation of the unsaturated compounds obtained from the condensation 
products of methyl ethers of these cresols did not take place probably because 
of the steric hindrance due to the substituents in or/ho positions to the carbon 
atoms involved in the condensations. 


Attempts to condense butylchloral hydrate with resorcinol and catechol 
in presence of concentrated sulphuric acid and with e-cresol in presence of 
oleum, concentrated sulphuric acid, mixture of concentrated sulphuric acid in 
acetic acid and anhydrous aluminium chloride in nitrobenzene did not meet 
with success. No definite compound could be isolated from the condensation 
of butylchloral hydrate with resorcinol dimethyl] ether. 
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SYNTHETIC INSECTICIDES 


EXPERIMENTAL 


Condensation of Butylchloral Hydrate with Methyl Ether of o-Cresol: 
4 ; t-bis-(3-Methyl-4-methoxyphenyl )-B : 8 : ¥-trichloro-n-butane (1, R=Me).— 
After removing water of butylchloral hydrate (66. ) by stirring it with 
acetic acid (15c. c.), methyl ether of o-cresol (9.0 g) was added and the stirring 
continued with the addition of sulphuric acid (96%, 25. c.) at 30° for 5 hours. 
The crude product obtained on pouring the reaction mixture in ice was washed 
well and crystallised several times from alcohol when the pure compound, mp. 
104°, separated as long colorless needles, yield 10.0g. (Found: Cl, 26.5. 
CooH2g3O02Cly requires Cl, 26.4 per cent). 

The same compound was also obtained when the reaction of butylchloral 
(6.0 g.) and methyl ether of o-cresol (9.0 g.) was carried out in presence of 
anhydrous aluminium chloride (10.0 g.) in nitrobenzene (50 c c.) at 0°; 
yield 50 g., m. p. 104”. 

The compound is soluble in acetone, ether, chloroform, carbon tetrachloride 
and benzene in cold ; it dissolves in rectified spirit and acetic acid on boiling and 
is sparingly soluble in boiling petroleum ether. 


The pure compound (10g.) was refluxed with sodium (05g. ) in 
absolute alcohol (25 c. c.) for about 7 hours, when a dark red unsaturated liquid 
was isolated. On its oxidation with chromic acid (2.0 g.) in acetic acid 
(10 c.c.) by refluxing for half an hour, 4: 4’-dimethoxy-3 : 3’-dimethylbenzo- 
phenone was obtained as yellow needles from rectified spirit. m. p. 112-14’. 
Raymond (compt. rend., 1934, 198, 102) gives m. p. 115°. 


2: 4-Dinttrophenylhydrazone was obtained as orange-red crystals from 
alcohol, m. p. 233°. (Found : N, 12.3. CosH22O,N,4 requires N, 12.5 per cent). 


Attempts to demethylate the condensation product by hydrobromic acid 
in acetic acid, hydroiodic acid in acetic anhydride and powdered anhydrous 
aluminium chloride, either without a solvent or in nitrobenzene or ether, did not 
meet with success. 


Condensation of Butylchloral Hydrate with m-Cresol : « : «-bis-(2-Methy/- 
4-hydroxyphenyl)-B ; 8B: Y- trechloro-n-butane (Il, RmH) (?).—Butylchloral 
hydrate (10.0 g.) was condensed with m-cresol (15.0 g.) in presence of 
sulphuric acid (96%, 20 c.c.) at 30°, the stirring being carried on till the mass 
was viscous (about 1 hour). The crude product obtained as usual was crysta- 
llised several times from benzene when the pure compound separated as 
colorless cubes, m p. 214°, yield Z 1g. (Found: Cl, 28.3. C),,H,,OoCl; 
requires Cl, 28.4 per cent). 


It is soluble in acetone, ether and rectified spirit in cold and dissolves in 
acetic acid and benzene on boiling. It dissolves very sparingly in boiling 
chloroform, carbon tetrachloride and petroleum ether. 
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Methyl Ether—The pure compound (1.5 g.) was dissolved in sodium 
hydroxide (10%) and dimethyl sulphate (2c. c.) was added with cooling. The 
reaction mixture after addition of acetone to dissolve the separated paste was 
heated on a steam-bath for 2 hours. On working up as usual a_ thick oil was 
obtained. 

Dehydrohalogenation of this oil (1.0 g.) by refluxing with alcoholic 
potassium hydroxide (3.0 g. in 20c.c.) (24 hours) and with sodium (05 g.) 
in alcohol (20 c. c.) (8 hours) yielded a brown pasty mass which on crystalli- 
sation from alcohol gave the pure compound, m. p. 114-16°yield 0.5 g. (Found : 
Cl, 18.9. CooHe2OeCle requires Cl, 19.4 per cent). 

The same compound was also obtained on dehydrohalogenation of the 
condensation product of methyl ether of m-cresol with butylchloral hydrate, 
described below. 

Attempts to oxidise the dehydrohalogenated compound (1.0 g.) with 
alkaline (potassium hydroxide, 1.0 g.) potassium permanganate (57%, 100 c. c.) 
or with chromic acid (1.0 g.) in acetic acid (20cc.) did not meet with 
success. In both the cases the original compound was recovered in a less 
quantity. Nothing could be isolated when the oxidation -was carried out by 
refluxing the mixture for a longer period or with greater amount of chromic acid. 

Condensation of Butylchloral Hydrate with Methyl Ether of m-Cresol : 
« :«-bis-(2-Methyl-4-methoxyphenyl)-B : B : Y-trichloro-n-butane (II, R= Me) (?). 
—A mixture of butylchloral hydrate (96 g.), methyl ether of m-cresol 
(12.0 g.) and acetic acid (15. c.) was stirred with addition of sulphuric 
acid (96%, 30c. c.) at 29°-30° for 3 hours and poured over ice when a pasty 
product separated. On attempting to crystallise the paste after thorough 
washing, a thick oil, which solidified in a freezing mixture, separated from 
rectified spirit. It is soluble in all the ordinary organic solvents like alcohol, 
ether, acetone, chloroform, carbon tetrachloride, benzene, petroleum ether, etc. 
It decomposed on an attempt to distil under vacuum. 

The oily product from above(2.0 g.) was refluxed with alcoholic potassium 
hydroxide (20 g., 20 c. c.) for 8 hours. On workmg up as usual and crysta- 
llisation of the crude substance from rectified spirit, the pure compound, 
m. p. and mixed m. p. with the dehydrohalogenated compound obtained from 
the methyl ether of the condensation product of m-cresol with butyl chloral 
hydrate, 114-16°, was obtained. 

Condensation of Butylchloral Hydrate with p-Cresol : «:« -bis-(2-Hydroxy- 
5-methylphenyl)-B::1-trichloro-n-butane (?).—Water of the  butylchloral 
hydrate (9. 6 g.) was removed by stirring it with acetic acid (15 c. c.), f-cresol 
(12.0 g.) was then added and the stirring continued with addition of sulphuric 
acid (96%, 30 c. c.) at 30° till the mass became very viscous (2 hours). The 
crude product (13.5 g.) obtained on pouring the reaction mixture over ice 
was washed well and crystallised several times from methanol when the pure 
compound separated in the form of fine cubic crystals, m. p. 197-98". (Found : 


Cl 28.0. C,s3H,,O2Cls requires Cl, 28. 4 per cent). 
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The same compound ( yield 3. 0 g.), m. p. 197-98", was also obtained when 
the above reaction (butylchloral, 9.0 g. and #-cresol, '2. 0 g.) was carried out with 
anhydrous aluminium chloride (10.0 g.) in nitrobenzene (50 c.c.) at 0°. At 
room temperature (30°)the compound is soluble in all ordinary organic solvents 
like ether, petroleum ether, acetone, alcohol, benzene, chloroform, carbon 
tetrachloride and acetic acid. 

Methyl Ether—The pure compound (1.0 g.) was dissolved in sodium 
hydroxide (10%) and dimethyl sulphate (1.5 c. c.) was added with cooling when 
a crystalline compound separated. This was crystallised from acetic acid when 
the pure compound (rectangular plates, m. p. and mixed m. p. with the condensa- 
tion product of methyl ether of /-cresol with butylchloral hydrate, 168°) was 
obtained. (Found : Cl, 26.2. CooHe30oCls requires Cl, 26.4 per cent). 

Dehydrohalogenation of the above methyl ether (0.5 g.) dissolved in acetone 
(20 c. c.) was carried out by refluxing with sodium (0.5 g.) in alcohol (20 c. c.) 
for 8 hours. On working up as usual and crystallising the crude product from 
alcohol, the pure unsaturated compound, as yellow needles, m. p, 125-27°, was 
obtained. (Found: Cl, 18.9. CogHe2OeCle requires Cl, 19.4 per cent). 

The same compound was also obtained by refluxing the above methyl 
ether (0.5 g.) dissolved in acetone (20 c. c. )with alcoholic potassium hydroxide 
(10 g. in 10c.c.) for 24 hours. 

Oxidation of the unsaturated compound (0.5 g.) with alkaline (potassium 
hydroxide, 5.0 g.) potassium permanganate (5%, 400c.c. ) or with chromic 
acid (1.0 g.) in acetic acid (10 c.c.) by refluxing the reaction mixture for 2 
hours was attempted, but in both the cases most of the unsaturated compound 
could be recovered. Result was the same when the oxidation of the compound 
(0.5 g.) in acetic acid (10c.c.) was carried out with potassium dichromate 
(0.5 g.) in dilute sulphuric acid (25%, 10 c.c.) by refluxing the mixture for 
4 hours. When concentrated sulphuric acid was used in place of dilute acid, some 
charred mass was obtained. Attempt to oxidise the compound ( 2 g. ) in acetic 
acid ( 20c.c ) with hydrogen peroxide ( 33%, 10 c. c. ) by refluxing the mixture 
for 6 hours was also a failure as no definite substance could be isolated from 
the reaction mixture. 

Condensation of Butylchloral Hydrate with Methyl Ether of p-Cresol : « : 4- 
bis- (2-Méthoxy-5-methylphenyl)-8 :8: Y-trichloro-n-butane (?).—Butylchloral 
hydfate (9.5.g. ) twas condensed with -cresol methyl ether ( 12. 0¢. ) in 
presence of a mixture of acetic acid (15 c. c.) and sulphuric acid ( 96%, 30 c. c. ), 
the stirring being carried on for 3 hours at 29°-30°. The crude product 
(17.0 g ) was washed well and crystallised from acetic acid when the pure 
compound (15.0 g., m.p.and mixed m. p. 168°, with the methyl ether of the 
condensation product of -cresol with butyl chloral hydrate) was obtained. 

Attempt to condense butylchloral ( 6.0 g. ) with methyl ether of -cresol 
( 8.0 g.) in presence of anhydrous aluminium chloride ( 8.0 g. ) in nitrobenzene 
(40 c.c.), the stirring being carried on for 4 hours at 0°, did not meet with 
success, 
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The condensation product is soluble in chloroform, carbon tetrachloride 
and benzene in cold and dissolves in acetone and acetic azid on boiling. It 
dissolves with difficulty in boiling alcohol, petroleum ether and ether. 

Condensation of Butylchloral Hydrate with Resorcinol Dimethyl Ether.— 
Condensation of butylchloral hydrate (7.0 g.) with resorcinol dimethy! 
ether (11.0g.) was carried out as usual in presence of acetic acid (15 c. c.) 
and sulphuric acid ( 96%, 20 c. c.) at 30°, the stirring being carried on for 4 
hours. The crude prodvct obtained was washed well and crystallised several 
times from rectified spirit bur it gave a mixture of comj:.unds, possibly isomers 
with the melting point range 15°, (white microcrystalline substance, m. p. 125°-140", 
yield, 8.0 g.). The result was the same whenthis reaction (butyl chloral, 7.0 g. 
and resorcinol dimethyl ether, 11.0 g.) was carried out in presence of anhydrous 
aluminium chloride (7.0 g.) in nitrobenzene (40c.c.) at 0° for 4 hours. 

The above crude product ( 1.0 g. ) was subjected to dehydrohalogenation 
by refluxing with alcoholic potassium hydroxide ( 0.5 g. in 20c c.) for 4 hours 
when an unsaturated oil was pbtained. This was oxidised by chromic acid 
(2.0 g.) in acetic acid (10 c¢.c.) by refluxing the reaction mixture for 4 hours. 
On working up as usual a product with wide melting point range was obtained, 
from which no definite compound could be isolated. 

Condensation of Butylchloral Hydrate with Veratrole:«: 4%: bis-(3: 4 
Dimethoxyphenyl \-8 : B : V-trichloro-n-butane (1, R=OMe. ),—Butylchloral 
hydrate ( 7.0 g.) was condensed with veratrole ( 11.0 g. ) in presence of acetic 
acid (15¢.c.) and sulphuric acid ( 96%, 20 c.c. ) at 30°, the stirring being 
carried on for one hour. The crude product (15.0g.) on washing and 
crystallisation from rectified spirit yielded the pure compound as colorless cubic 
crystals, m. p. 112-14°. (Found : Cl. 24.8. CooHo304Cls; requires Cl, 24. 5 per cent). 

The same compound was also obtained when the above reaction ( butyl 
chloral, 7.0g. and veratrole, 11.0 g.) was carried out in presence of 
anhydrous aluminium chloride ( 80g.) in nitrobenzene ( 40 c. c. ) at 0° for 4 
hours, yield 12.0 g., m. p. 112-14’. 

The compound is readily soluble in acetone, acetic acid, chloroform, carbon 
tetrachloride in cold and dissolves in ether and rectified spirit on boiling. It 
is sparingly soluble even in boiling petroleum ether. 

Dehydrohalogenation of the pure compound ( 20g.) was carried out 
by refluxing it with alcoholic potassium hydroxide (2.0 g. in 30c.c. )- for 
6 hours when a clear, red unsaturated liquid was obtained. This compound on 
oxidation with chromic acid (2. 0 g.) in acetic acid ( 20 c. c. ) yielded 3: 4: 3: 4 
tetramethoxybenzophenone which was crystallised from rectified spirit, m. p. 
143-45°. Vanzetti and Erefuss ( Gazzetta, 1934, 64, 381) record m.p. 145°. 
2:4-Dinitrophenylhydraxone was obtained as bright orange crystals from 
alcohol, m. p. 209°. ( Found : N, 11. 5. CegsHe2OsN, requires N, 11.6 per cent ). 
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ADSORPTION OF ORGANIC VAPOURS ON SILICA GEL 
AND HEATS OF ADSORPTION 


By B. P. Gyani 


The adsorption of acetal, formic acid, acetic acid, m-propionic acid, chloroform, carbon tetra- 
chloride, carbon disulphide, water and alcohol cn silica gel has been measured at 35°. Hysteresis 
has been observed in some of the isotherms. Some difficulties which arise in explaining hysteresis 
on the basis of capillary condensation have been pointed out. Anomalies have been observed 
in determining the specific area of the adsorbing surface by the B. E. T. method. The heats of 
adsorption and the entropy changes accompanying desorption have been determined in some cases. 
Indications have been thus obtained that the adsorbing forces may be mostly physical in nature 
and that the adsorbed molecules may behave in a way similar to, but not quite identical with, 
that in the ordinary liquid state with regard to the degrees of freedom. 


This work is a continuation of the previous investigations on the adsorp- 
tion of organic. compounds on silica gel from the vapour phase (_/. Chem. Soc., 
1950, 1521). The results of measurement with acetal, formic acid, acetic acid, 
m-propionic acid, chloroform, carbon tetrachloride, carbon disulphide, water 
and alcohol have been considered in this paper. The heats of adsorption of some 
of these vapours have also been measured by the tensimetric method, already 
described. 


EXPERIMENTAL 


Silica gel for these measurements was prepared by mixing under vigorous 
shaking equal volumes of commercial hydrochloric acid (sp. gr. 1.05) and sodium 
silicate solution (sp. gr.1.12). The resulting solution, slightly yellow due to 
presence of iron, was allowed to set in large porcelain basins at room tempera- 
ture (25-30), cut into pieces, washed thoroughly and then dried gradually 
at increasing temperatures. The resulting product was hard, transparent and 
free from any colour. The gel was about two years old at the time of these 
measurements. It was evacuated (10°? mm.) at about 300° for about an hour ; 
it was then cooled and flushed several times with vapour before the measurements 
were started. The adsorption apparatus has been previously described (/. 
Phys. Chem,. 1945, 49, 226). It was estimated that under average conditions 
of measurement the error in determining the amount of adsorption could not 
exceed 0.1%. The pressures were measured on a simple mercury manometer 
and no attempts were made to obtain an accuracy better than 0.1 mm. The 
adsorption bulb and a part of the apparatus were enclosed in an air thermostat 
temperature of which was maintained at 35°+0.1. The liquids were purified 
according to standard methods and had satisfactory boiling points. 
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_Figs. 1, 2, 3 and 4 show the plots of the amounts of adsorption against 
pressures, The amounts of adsorption, x/m, have been expressed in 10°* g. 
mol. per g. of gel. The isotherms are almost all sigmoid and correspond to Type 
IV described by Brunauer (“Adsorption of Gases and Vapours”, Vol. I, p. 
150, Oxford University Press, 1943). The water and CS, isotherms, however, 
show no steep rise in the beginning. A long, narrow region of hysteresis was 
observed in most cases and some of these are shown in the figures. The carbon 
tetrachloride isotherm is irregular for the first few runs (crosses) but 
gradually settles down to a smooth curve (circles, Fig. 4). The other curve in 
this figure (+) refers to the isotherm of the same vapour obtained later on a 
freshly prepared silica gel which had been heated to 450° in contact with air 
before evacuation at 300°. This gel gave a smooth isotherm from the very 
start. 


\ and D-CCOl,. 


D—UMnL!I 


Surface Area of the Adsorbent-—A number of methods are now available 
for determining the surface area of adsorbents. One of these is due to 
Brunauer, Emmett and Teller (Brunauer, Joc. ctt., p. 285). They consider the 
commencement of the middle linear portions of such isotherms as are observed 
here (‘Point B’) to correspond to the completion of a unimolecular layer of 
adsorbed molecules on the surface. Capillary condensation is considered to 
set in after this point. The area can be calculated by taking the product of 
the number of molecules adsorbed at ‘Point B’ and the area occupied by each 
molecule under the conditions of the experiment. If molecules may be 
considered cubical with side 7, one has 


acetal; 


A 


N= 


where NM=Avogadro’s number, M=molecular weight of the liquid, and pits 
density at the temperature of the experiment. The surface area per g. of the 
gel, .S, is then 


£xX5 Tor propionic acid and FtUri ; 





r? N.xlm, 
6 where x/m is expressed in g. mols. and measured at the ‘Point B’. The values 
c of p at 35°, x/m at the ‘Point B’, and S are shown in Table I for the 
, different liquids. 
= 
sr TABLE I 
‘ 2 Area per g. of silica gel measured with the help of different vapours at 35. 
| 
36 Formic. Acetic Propionic EtOH. Thio- Water. Acetal. CHCls. 
~ a acid. acid. acid. phene. 
5» “r 
28 zim at ‘Point B’ 30 43 47 33 19 55 24.5 8 
| . 
P (density 
c at 35°) 1,200 1.033 0.980 0.790 1,071 0.998 0,883 1,462 
3 r (R) 4.0 4.6 5.0 4.6 5.1 3.1 6.1 5.1 
7 S (sq. metres) 288 545 709 419 294 320 541 127 
x] 


3 
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The values of .S may be compared with the average value, 450 sq. metres 
per g. for silica gel due to Bartell and Fu, obtained by a different method 
(cf. Brunauer, Joc. cit, p. 308). The average of the present determinations is 
405 from which some individual values differ widely. Particularly noticeable 
is the fact that the surface area values corresponding to adsorptions of formic, 
acetic and propionic acids are almost in the ratio 1:2:3. This fact recalls 
Traube’s rule for adsorption from solutions (cf. Freundlich, “Colloid and 
Capillary Chemsirty”, p. 195, London, 1926), and suggests that the surface 
covering is yet not complete in most cases. This idea receives support from 
the fact that the beginning of the hysteresis region in some cases does not 
correspond to capillary radii more than 2 to 3 molecular diameters of the 
adsorbed substances, as we shall see presently. It is therefore difficult to 
consider how the increase in adsorption between ‘Point B’ and the beginning 
of the hysteresis region, where it occurs, corresponds to capillary condensation. 


Capillary Condensation and Hysterests.—It has been noted that hysteresis 
occurs in most cases and is of the permanent type. Permanent hysteresis has 
been explained in two ways: Kraemer (“A Treatise on Physical Chemistry”, 
Chap. XX, p. 1661, New York, 1931), McBain (/. Amer. Chem. Soc., 1935, 57, 
699) and others consider that some pores in the adsorbent are shaped like 
conical flasks closed at the broad end. During adsorption liquid first condenses 
in the narrow neck ; the meniscus then advances into the progressively widening 
body as the pressure of the vapour is increased. During desorption the pores 
would not loose any liquid till the pressure is so far reduced as corresponds 
to the vapour pressure over the meniscus in the narrow neck. Desorption 
branches are therefore located higher than the adsorption branches. Foster 
(Trans. Faraday Soc., 1932, 28, 645), Coelingh (Kollotd Z., 1939, 27, 251) and 
Cohan (/. Amer. Chem. Soc., 1938, 60, 433) consider that the difference between 
the adsorption and desorption branches is due to delay in the formation of 
a liquid meniscus when pores are open on both sides. 


If the Kelvin equation 

RT in 2=-227 

ho r 
(where s=equilibrium pressure of the adsorbed vapour, p9=normal vapour 
pressure of the liquid at the given temperature, o=its surface tension and 
V=the molar volume, and r=radius of curvature of the meniscus) is used 
for calculating the pore radii corresponding to hysteresis region, the values 
for silica gel usually come out to be of the order of 10 & (cf. Foster, Proc. 
Roy. Soc., 1935, A, 150, 77). The values of pore radii corresponding to 
commencement of hysteresis and conclusion of hysteresis (7; and To Tes- 
pectively) have been calculated from the present data and some of the 
values are set down in Table II. The same mass of gel was used in the 
measurements with different liquids. After completing runs with one, the 
gel was evacuated at 300°, and another liquid was introduced into the 
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apparatus in the order shown in the table. In view of this continued heating 
it is not surprising that the pore radius shows a tendency to increase as the 
measurements are continued. The widening of the pores is pronounced in the 
last case, viz., alcohol. 


TABLE II 


Pore radu in silica gel corresponding to hysteresis region obtained 
trom adsorption méasurements with different vapours. 


Formic acid. Acetic acid. Chloroform. Alcohol. 
Narrowest radius, 
r, (&) 3.30 4.42 5.76 5.70 
? 
Broadest radius, 
r, (R) 5.81 9.37 9.40 17.72 


The actual shapes of molecules have been neglected in the calculation 
leading to results contained in Table I. The values are therefore only approxi- 
mate in representing actual dimensions. If the pore diameters from Table II 
are divided by these values one can get the approximate number of molecules 
of different liquids which can be contained in the capillaries at the points 
considered. These numbers are shown in Table III. 


TABLE III 


Number of molecules which can be contained in the narrow 
and broad ends of the captllaries. 


Formic acid. Acetic acid. Chloroform. Alcohol. 
No, in narrow end 1.7 19 2.3 2.5 
No. in broad end 2.9 4.1 3.7 7.7 


The table shows that the narrow ends are such that there cannot be a 
question of delay in the formation of a liquid meniscus, if indeed two or three 
molecules may be considered to form a meniscus. The consideration of Foster 
and others therefore cannot be applied to the occurrence of hysteresis in the 
present experiments. 


Adam (“Physics and Chemistry of Surfaces”, p. 15, Oxford University Press, 
1941) considers that application of the Kelvin equation to a liquid meniscus of 
radius less than 100% would not be justified because it would not then be 
possible to drag molecules into the bulk of the liquid where they would be 
completely free from surface forces. However, assuming that the above calcu- 
lations of pore radii are correct, it is yet difficult to understand the stability of 
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substances as liquids in such capillaries. The closed ends of capillaries 
considered by Kraemer, McBain and others, must present a concave surface so that 
the liquids in contact with them must have convex surfaces. Liquids at these 
surfaces must possess vapour pressures higher than those of liquids in bulk at 
the same temperature. Thus, for water at 20° an excess of vapour pressure 
amounting to about 11% over the normal vapour pressure would be necessary 
for the stability of adrop of radius 50 8. The pressure outside the neck is, 
however, even smaller than the normal vapour pressure. The droplet will 
therefore have a tendency to be squeezed out of the capillary. If water retains 
its ordinary surface tension under these conditions, there would, in addition, 
be the mechanical pressure 20/72 due to the convex meniscus of radius 72 and the 
mechanical tension 2¢/7, due to the concave meniscus of rudius ”,; at the narrow 
end, both tending to drag the droplet out. It may be considered that the 
closed end of the capillary is not filled and the liquid is confined on each side 
by a concave meniscus. As long as the tension acting at each meniscus and the 
vapour pressures over them (as determined by the Kelvin equation) are taken 
into consideration, the liquid will be found to have a tendency to move towards 
the narrowest part and may appear to remain there in equilibrium with its own 
vapour. However, the tensions existing at the meniscuses in the sizes of the 
capillaries considered are large. Thus, if the outer end has radius r= 100 A and 
the contained liquid is water, the tension amounts to 20/7 or about 144 10° 
dynes at ordinary temperatures. This is equivalent to about 142 atmospheres, 
whereas the vapour pressure .of water at 35° is only 422mm. The enormous 
tension would therefore split the water column indefinitely into fragments since 
the cohesive forces may be neglected for ideal liquids. It appears to the author 
that any theory of capillary condensation would be unsatisfactory as long as 
there is no evidence to show that cohesive forces of liquids assume large values 
when capillary radii are small. 


Isosteric Heats of Adsorption—The isosteric heats of adsorption of some 
of these liquids on the same gel have been measured by the methods previously 
described (this Journal, 1949, 26, 345; ]. Chem. Soc., 1950, 1521). Fig. 5 shows 
the plot of log » against log 7 for these liquids (4)—saturation pressure of the 
liquid at the temperature 7). Fig. 6 shows the plot of log # against log 7 
(g=equilibrium pressure for adsorption). The slopes of the curves in the two 
figures which have been drawn on equal co-ordinates should be proportional to 
the entropy changes accompanying evaporation and desorption respectively as 
pointed out before (7. Chem. Soc., 1950, 1521). A comparison of the two figures 
shows that the entropy changes accompanying desorption are somewhat larger 
than those accompanying evaporation. It may therefore be concluded again 
that the motions of the molecules in the adsorbed state are somewhat more 
restricted than they are in their liquid states. Fig. 6 also shows that the entropy 
changes are constant over large variations in the amounts of:adsorption, 
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Table IV shows the avarage values of the isosteric heats of adsorption,— Q 
at different stages of adsorption. These values may be compared with the 
corresponding values of the latent heats of condensation of the vapours to 
liquids in bulk, -Z. It may be observed that — Q is always larger than — Z. 


TABLE IV 


Heats of adsorption of vapours on silica gel. 


Vapour. Amount of adsorption, —@Q (calc. perg. mol. —L (calc. per g. mol. 
(10-* g. mol, per g. gel). of liquid). of liquid). 

EtOH 87.0 11520 10140 to 9949 
83.2 11570 
72.1 11450 
59.7 11530 
40.8 11920 

CCl, 50.1 9344 7807 to 7568 
35.8 8782 

CCl, 42.0 8696 7570 to 7263 
23.1 8628 

CS, 19.7 7628 6634 to 6551 

FIG. 7 


Plots of log p against 1|T. 





Log p> 














1|T> 
A—CS,; B,C, D—CHCl,; E, F—CCl,. 
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The vapour pressure data for calculation of -Z have been chosen from 
the tables of Landolt-Bornstein. In the range of temperatures covered in 
these measurements (25°-73°) the -Q values are found to be steady with 


respect to temperature as can be seen from the plot of log # against 1/7 for 


the adsorption of different liquids (Fig.7). In fact, -Q values are steadier 


than the -Z values which show a steady decrease with rising temperature. 
It may be stated again that this constancy of -Q favours the view that physical 
forces alone are concerned in these adsorptions. 
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STUDIES ON STANNIC OXIDE. PART I. ADSORPTION OF 
MONOBASIC ORGANIC ACIDS AND THE EFFECT OF 
SALTS ON IT 


By S. ADITYA anD B. N. GuosH 


The adsorption of monobasic organic acids by hydrated stannic oxide has been studied. 
The order of adsorption of the acids is hydroxyacetic acid >monochloroacetic acid >trichloro- 
acetic acid >formic acid >propionic acid >acetic acid. The adsorption of these acids (except 
trichloroacetic and monochloroacetic acid) is diminished in presence of the salts of the 
same acids. In case of trichloro and monochloro-acetic acids, which are not weak, the 
presence of their salts increases adsorption. The preseace of sodium chloride and sodium sulphate 
increases the adsorption in all cases. 


Hydrated stannic oxide exists in « and & forms. which were pointed out 
as early as 1812, by Berzelius. For along time there was controversy as to 
whether they represented different stages ot oxidation of tin or the same 
stannic oxide in different forms. Posnjak (/. Phys. Chem., 1926, 30, 1073) 
settled the question of composition by X-ray analysis which showed that «-and 
B-stannic oxides gave identical patterns and similar to Casserite. This was 
confirmed by Forster (Phystkal Z., 1927, 28, 157). Thus both 4-and f-stannic 
oxides have the same structure. The difference in property is due to particle 
size only. From the study of affine curves for the adsorption of phosphoric 
acid by various samples of stannic oxide, Macklenburg (Z. amorg. Chem. 
1912, 74, 207) concluded that the variation in their properties was due to, 
difference in particle size. The measurement by Ghosh (/. Chem. Soc., 1928, 3027) 
of the amount of acids liberated, when <-and (#-stannic oxides were 
shaken with salt solutions, showed that for the same _ concentration 
of a salt, «-oxide liberated more acid than the f-form, thus indicating 
that «-oxide has a greater surface or finer size than the §8-form. Ghosh 
also studied the adsorption of mineral acids by hydrated stannic oxide. In 
the present work the adsorption of organic acids by f-stannic oxide has 
been investigated. Different organic acids have been chosen to ascertain the 
influence of their electrolytic dissociation, their structure and the valency 
of the anions on adsorption. In this connection the adsorption of the same acids 
in presence of their salts has also been investigated. 


EXPERIMENTAL 


Hydrated f-stannic oxide has been prepared by the method adopted by 
Ghosh (loc. cz¢.). The material was washed with conductivity water till the 
fu of wash liquid rose to5.8. It wasdried in air to give a powdery mass 
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and was stored in a_ stoppered Jena bottle. The moisture content of the 
sample was determined by heating in a silica crucible, and was found to be 
33.4%. The moisture content, which was determined from time to time, showed 
little variation in the course of our experiments. 


Before starting the experiment proper, the time required for attaining the 
adsorption equilibrium was ascertained and it was found to be of the order 
of five minutes only. In all experiments 6 grams of hydrated stannic oxide 
and 100 c.c. of acid solution of known strength were taken in a stoppered 
Jena bottle. All bottles were tightly closed and shaken fur half an hour 
and kept overnight so as to ensure the attainment of equilibrium. The 
filtrate was then titrated. The initial strength of the acid was corrected 
for the dilution caused by the water content ofthe sample All experiments 
were performed at room temperature (near about 30°). The electro-kinetic 
potential of the adsorbent in contact with water and acids was measured 
by electro-endosmotic method modified by Mukherjee (Na/ure, 1922, 110, 732) 
and described fully by Ghosh and Ray (this Journa/, 1939, 16, 634). 


TABLE I 


Electro-kinettc potential of stannic oxide in presence of water 


and solutions of actds. 


Substance. Acid conc. Current. Sp. resistance. Distance moved Distance moved 
in 2 mins. under unit current 

& sp. res. ie. unit 

potential gradient. 


Water 0.00000 N- 1m. amps. 108170 ohms -—485cm * — 0.4566 cm. 
Formic acid 0.02542 8 1208.40 1.10 0.1598 
0.03814 8 995.8 1.10 0.1938 
Acetic acid 0.02546 5 4154.2 2.15 0.1035 
Propionic acid 0.02501 4 4066.6 1.65 0.1014 
0.03127 4 3600.0 1.575 0.1095 
Hydroxyacetic 0.02580 6 1666.6 0.325 0.0326 
acid 0.03875 7 1166.6 0.450 0.0693 
Monochloroacetic 0.01940 10 829.17 2.20 0.2653 
acid 0.02028 10 800.0 2.5 0.3141 
0 02414 10 691.61 2.2 0.3326 
Trichloroacetic 0.02032 15 266.60 1.375 0.3434 
acid 0.02545 15 216.66 1.225 0.3770 





* Minus sign indicates negative charge of the adsorbent and absence of any sign indicates 
positive charge. 


+ 
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TABLE II 


Adsorption of monobaste organic actds by stannic oxtde. 


Hydrated- stannic oxide=6g ; water content—33.4/; 100 c.c. 
solution used in each experiment. 


Initial corrected 
strength. 


0.01837 NV 
0.02268 


0.02546 
0.03674 


0.05218 
0.10435 


0.01940 
0.02028 


0.02414 
0.03622 


0.04829 
0.07243 


0.02032 
0.02545 


0.02595 
0.03815 


0.05089 
0.07633 


0.03127 


0.04691 
0..6255 
0.12500 


0.02542 
0.038412 


0.050858 
0.10135 


0.02580 
0.03875 


0.05168 
0.10840 


Final acid conc. 


Acetic acid. Dissociation constant =1.8 x 10~. 


Diff. 


C.c. of atid 
adsorbed. 


0.0897 V 
0.1173 


0.1590 
0.1990 


0.2052 
0.4590 


C. c. of N-acid 
adsorbed per g. 
mol. of adsorbent. 


3.362 
4.396 
5.977 
7.453 


9.930 
17.20 


Monochloroacetic acid. Dissociation constant =2 « 10-*. 


0.017401 V 0.00088 
0.021529 0.001151 
0.02390 0.00156 
0.03479 0.00195 
0.04960 0.00258 
0.099894 0.00446 
0.01272 0.00668 
0.01345 0.00683 
0.01638 0.00776 
0.02568 0.01054 
0.03547 0.01282 
0.05732 0.01511 


Trichloroacetic acid. Dissociation constant=3 107'. 


Propionic acid. Dissociation constant =1.4 x 10-*. 


Formic acid. Dissociation constant = 2.1 x 10-*. 


0.01496 0.00536 
0.01919 0.00626 
0.01960 0.00635 
0.02923 0.00892 
0.04007 0.01082 
0.06247 0.01386 
0.02929 0.00198 
0.04434 0.00257 
0.05906 0.00349 
0.11870 0 00630 
0.01963 0.00579 
0.02968 0.008462 
0.04085 0.010058 
0.09100 0.010350 
Hydroxy-acetic acid. 
0.01351 0.01229 
0.02408 0.01467 
0.03563 0.01605 
0.08995 0.01645 


0.6810 
0.6960 


0.7910 
1.0750 


1.3070 
1.5410 


0.5468 
0.6386 


0.476 
0.9099 


1.1080 
1.4140 


0.2120 


0.2620 
0.3560 
0.6420 


0.53058 
0.86312 


1.0259 
1.0553 


1.2530 
1,4963 


1.6370 
1.8319 


25.55 
26.16 


29.68 
40.30 


49.30 
57.36 


20.59 
24.05 


24.35 
34.27 


41.57 
53.26 


7.950 


9.826 
13.36 
24.07 


22.46 
32.53 


38.63 
3977 


46.99 
56.10 


61.40 
70.57 
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TABLE III 


Effect of salts on the adsorption of monobasic organic acids by stannic oxide. 


Name of acid Initial corr acid. conc. of Final acid Diff. C.c. of acid C. c. of 
and salts. adsorbed. acid (N) 
acids. salts. conc. adsorbed 
per g. mol. 
of adsorbent. 

Acetic acid 0.02546 VN 0.00000 N 0.02390N 0.00159 N 0.1590 N 5.977 

Acetic acid+ NaOAc 0.02546 0.01592 0.02497 0.00067 0.068 2.557 

Acetic acid +NaCl 0.02546 0.02721 0.02208 0 00380 0 3447 12.960 
Acetic acid+Na,SO, 0.02546 0.02066 0.02190 0.00356 0.3630 3.65 
Propionic acid 0.02501 0.0000 0.02346 0.00155 0.1580 5.95 

Propionicacid+sodium 0.02501 0.02929 0.02491 0.00100 0.0102 0.3825 
propionate 

Propionic+ NaCl 0.02501 0.02721 0.02298 0.00203 0.2050 7.690 
Propionic-++-Na,SO, 0.02501 0.02066 0.02160 0.00441 0 4490 16.84 
Hydroxypropionic acid 0.02580 0.0000 0.01351 0.01229 1.253 46.99 
+its sodium salt 0.02580 0.02580 0.01350 0.01229 1,253 46.99 
+NaCl 0.02580 0.02721 0.01248 0.01332 1.358 50.93 
+Na,SO, 0.02580 0.02066 0.01213 0.01367 1,393 52.25 
Monochloroacetic acid 0.02414 0.00000 0.01638 0.00776 0.7904 29.68 
+ its sodium salt .02414 0.09802 0.01572 0.00842 0.8588 32.19 
Monochloroacetic acid 0.02028 0.0000 0.01345 0.00683 0.6960 26.16 
+ NaCl 0.02028 0.02721 0 01187 0.00841 0.8578 32.24 

i + Na,SO, 0.02028 0.02066 0.00793 0.01235 1.2596 47.33 
Trichloroacetic acid 0.02032 0.0009 0.01496 0.00536 0.5463 20.59 
+its sodium salt 0.02032 0.07375 0.01096 0.00946 0.9649 36.35 

+. 0.02032 0 14750 0.009767 0.01055 1.0760 40.53 

‘ +. 0.02032 0.22080 0.009328 0.01099 1.1208 42.23 
Trichloroacetic acid 0.02595 0.0000 0.01960 0.00635 0.6476 24.34 
de + NaCl 0.02595 0.02721 0.01633 0 00962 0.9812 36.89 
# Na,SO, 0.02595 0.02060 0.007456 0.01840 2.2090 83.03 


DISC USSION 


It will be noticed from the data in Table I that stannic oxide in contact 
with water is negatively charged, but in the presence of acids it becomes 
positively charged. From Table II it is seen that the order of adsorption 
of acids at the same concentration is: hydroxyacetic acid)»monochloroacetic 
acid >trichloroacetic acid }formic acid )propionic acid >acetic acid. 


It has been pointed out by Ghosh (7. Chem. Soc., 1928, 3027) that the 
adsorption of acids by stannic oxide leading to a reversal of its electrical 
charge is mainly due to the primary adsorption of hydrogen ions although 
the anions may affect it owing to individual difference in their electrical 
adsorbability. The primary and electrical adsorption of ions and the structure 
of double layer suggested by Mukherjee (Trans. Faraday Soc., 1921, 16, 103) 
has been assumed to apply to this case. Of the three fatty acids—formic, 
acetic and propionic, formic acid is more strongly adsorbed than propionic 
acid and the latter, more strongly than acetic acid, although the order of 
dissociation is ; formic acid )acetic acid )propionic acid. In the case of propionic 
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and acetic acids, it will be noticed that the effect of anion on acid adsorption 
predominates as the difference in their dissociation is small, but in the case 
of formic acid, the concentration of the hydrogen ions is relatively much 
high and consequently its primary adsorption predominates over the effect 
of the anions. 


So far as the adsorption of acetic acid, its monochloro and hydroxy 
derivatives is concerned, the order is hydroxyacetic acid )monochloroacetic 
acid acetic acid, their respective dissociation constants being 1.5x 10™*, 2X 10-°, 
1810-5. Although the dissociation of monochloroacetic acid is greater, 
yet it is less adsorbed than hydroxyacetic acid. If we consider the adsorption 
of acetic acid and its chloro derivatives, the order is found to be monochloro- 
acetic acid ) trichloroacetic acid )acetic acid, although trichloroacetic acid has 
the highest dissociation constant. This order of adsorption, however, agrees 
with that found in the case of charcoal. This definitely shows the effect of 
anions on acid adsorption. Trichloroacetate ion, being much larger than mono- 
chloroacetate ion, it is likely to be adsorbed less. 


Coming to the effect of salts on the adsorption of acids, it will be 
noticed that the adsorption of a weak acid is markedly diminished in the 
presence of its sodium salt. This is due to the suppression of the hydrogen- 
ion concentration and it supports the view that the main role in adsorption 
is played by the hydrogen ions. In the case of monochloro- and trichloro- 
acetic acids, which are fairly strong electrolytes, suppression of their disso- 
ciation by the addition of their salts is negligible, while the effect of the 
anion of the added salt on the reduction of the positive charge of the 
adsorbent becomes quite marked and leads to further adsorption of H-ions. 
The addition of NaCl and NagSO,4 to the solution of weak monobasic 
acids increases their adsorption considerably. The addition of such salts may 
have two-fold effects, viz, (7) an increase in the activity of the hydrogen ion 
of the acid and (77) a decrease in the positive charge of the surface owing to 
the presence of the anion at a relatively high concentration. Both these factors 
tend to increase the primary adsorption of hydrogen ions, and this is what 
has been actually observed. As is expected, the salt NagSO,4 containing a 
bivalent anion is more effective than NaCl in reducing the positive charge 
of the adsorbent and thereby increasing its capacity for adsorption 
(cf. Ghosh, loe. cit.). 

It is thus noticed that although the adsorption of organic monobasic 
acids by stannic oxide is mainly due to the primary adsorption of hydrogen 
ions, the anions also have appreciable effect onit. The size of the anions 
and the groups present in it affect their electrical adsorption considerably. 
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PLANT ALKALOIDS. PART II. COPT/S TEETA, WALL. 


By R. CuatrersEe, M. P. Guna anp A. CHATTERJEE 


The rhizomes of Coptis teeta, Wall. ( N.O. Panunculaceae ) have yielded berberine (9.0%), 
‘coptine’ (0°08%), palmatine (traces), coptisine (0.02%) and jatrorrhizine (0.01%). This is the 
first species of Copfis to yield jatrorrhizine. 


Coptis teeta, Wall. (N. O. Ranunculaceae) is a small shrub with 
perennial rhizomes and three serrated leaves attached to the top of the stems, 
four inches high. Its habitat is Mishmi hills, east of Assam, from where the 
rhizomes were collected for the present study by courtesy of Sri Asoke Mitra, 
University College of Science, Calcutta. Old reports are confusing on the use 
of the plant asa drug. In China and Japan, probably C. sapontca, Mak., which 
is allied to C. teeta, is used in medicine. It was believed that this drug 
was imported to India in old days. Watt thought that mam/r4 of the early 
European writers was a bitter drug used by Mohemmedans and that (. /ee/a, 
which according to Pereira is the mamrra, was a drug of ‘modern introduction to 
India (Watt, “A Dictionary of the Economic Products of India”, Vol. 2, p. 521). 
The present authors have identified mamira of Ayurvedacharyas as the rhizomes 
of Thalictrum foliolosum, D.C. of the same family. Rhizomes of both these 
plants are yellow coloured and have been found to contain the yellow alkaloid 
berberine (Perrins, /. Chem. Soc, 1862, 15, 339; Vashistha and Siddiqui, this 
Journal, 1941, 18,641 ). Though rhizomes of C. /cefa contain probably the 
highest percentage (9.0%) of berberine, it is no wonder that these rhizomes 
were confused with those of mamrra, for both of them have similar medicinai 
properties due to the presence of the same alkaloid berberine, and cure 
eye diseases with equal efficacy. 


The first species of Coftzs to be examined chemically was C. /eefa of 
Assam ; Perrins in 1862 (Joc. crt.) isolated 8.5% of berberine from its rhizomes. 
His method of identification is, however, not without objection. Schultz 
(J. Pharm., 1884, 111, 14, 273) isolated from C. ¢rifolia, Salis. berberine and 
the so-called ‘coptine’ which is not yet fully characterised. Murayama and 
Shizaki (7. Pharm. Soc. /npan, 1926, No. 530, 32) isolated from the rhizomes 
of C. yapontca, Mak. berberine, palmatine and columbamine. Later Kitasato 
isolated two more alkaloids, coptisine and worenine, from the same species 
(Bull. Imp. Acad. Japan, 1926, 2,124; /. Pharm. Soc. Japan, 1927, No. 542, 
315). Mollet and Christiansen (7. Amer. Pharm. Assoc., 1934, 23, 310) 
examined an American species C. occtdentalts, Salis. to identify only two 
alkaloids-berberine and ‘coptine’. 


The present authors have examined the rhizomes of C. /eefa, according to 
the scheme drawn in Part I of this series (Chatterjee, this Journal, 1951, 28, 225). 
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From ether-soluble portion of the ethanolic extract of the rhizomes, an alkaloid 
corresponding to the base ‘coptine’ of Mollet and Christiansen (/oc. czt.) was 
identified by its colour reactions and general properties ; the yield of the base in 
the crude state was small (0.08%). The base could not be purified without 
loss for further confirmation. From the portion of the insoluble chloride of the 
base, only berberine could be identified. The portion of the insoluble iodides 
.was changed to the corresponding more soluble chlorides by prolonged heating 
with silver chloride and subsequently reduced with zinc and hydrochloric acid, 
whereby the remaining three alkaloids could be identified as tetrahydroanhydro 
compounds, e. g. the quaternary bases palmatine and coptisine, and the phenolic 
base, jatrorrhizine. Indian Cof/:s thus differs from the Japanese analogue by 
the presence of jatrorrhizine and absence of columbamine and worenine. 


TABLE I 


Alkalotds of Coptis spectes. 


Species. % Alkaloids. 

C. trifolia Berberine (3.0) and coptine (0.3) 

C. occidentalis Berberine (4.6) and coptine (0.3) 

C. japonica Berberine (6.7), palmatine (0.43), coptisine, worenine 
and columbamine 

C. teeta Berberine (9.0), coptine (0.08) palmatine (traces), 


coptisine (0.02) and jatrorrhizine (0.01). 


EXPERIMENTAL 


Air-dried, powdered (60 mesh) rhizomes (1kg.) were repeatedly 
extracted with ethanol (95%). The volume of the. ethanolic extract was 
concentrated zn vacuo to about 80 c.c. The extract was then cooled and poured 
into iced water (400 c.c.). The mixture was filtered and the filtrate was well 
cooled and was basified with ammonia to precipitate a sticky matter. The 
ammoniacal mixture was then carefully extracted with ether. 


A. The Ether Layer (800 cc.). B. The Aqueous Layer ( 500 cc ). 


A. Treatment of the Ether Laver 


The ethereal solution was evaporated to obtain a pale greenish yellow 
sticky residue ( 2.5 g. ). 

To find out if the consistency of the residue would improve by the 
extraction of the rhizomes in cold, powdered rhizomes ( 100 g. ) were extracted 
with ether in cold. The character of the residue after the removal of ether 
was more or less the same as before and further working up of the residue 
appeared to be difficult, although the residue gave indication of alkaloids 


present in it. 
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Treatment of the Residue—The residue was dissolved in the least quantity 
of cold ethanol and poured on cold hydrochloric acid solution (1%)to obtain 
white flocculent precipitate (/. Amer. Pharm. Assoc., 1934, 23, 310 ). 

(a) The Precipitate. (4) The Filtrate. 

(a) The precipitate gave positive tests with alkaloidal reagents, and 
was very unstable for further study. 

(6) The filtrate on treatment with ammonia gave a precipitate which 
was extracted with ether and the residue obtained on removal of ether was 
tested as follows : 

(c) Its solution in sulphuric acid was warmed ; a red colour developed. 

(ci) A few drops of potassiomercuric iodide solution were added to its 

ethanolic solution ; a white crystalline precipitate was obtained. 

(vi) The residue was treated with nitric acid; a light brown colour 

was obtained. 

All these reactions indicated the presence of the ill characterised 
base, ‘coptine’. 


B. Treatment of the Aqueous Layer 


The solution was treated with hydrochloric acid to make the concentration 
of the acid in solution 1%, to obtain a yellow: crystalline precipitate, yield 90 g. 
I. The Precipitate. II. The Filtrate. 


I. Treatment of the Precipitate : ldentification of Berberinium Chioride.— 
The yellow precipitate (6.0 g.) was dissolved in warm water (200 cc.) and 
treated with a mixture of hydrochloric acid (20 c.c.) and acetic acid (30 c.c.) and 
zinc dust in smali instalments till the colour of the solution became pale yellow. 
The solution was then filtered and treated with ammonia till the precipitated 
zinc hydroxide redissolved and an amorphous precipitate of the reduced base 
was left behind. The mixture was extracted with ether, and on removal of the 
ether, crystais ot a colorless compound (2.5 g.) were obtained, which were 
recrystallised from methanol, m. p. 171-72. The crystals did not depress the 
m. p. of an authentic specimen of tetrahydroanhydroberberine, m. p. 173°. 


The yellow precipitate which was found to be berberinium chloride, was 
further confirmed by the preparation of the chloroplatinate of berberine. 
L Found : Pt, 17.94. Calc, for (Co9H,;;04N)2. H2PeCl, : Pt, 18.02 per cent }. 


Il. Zreatment of the Filtrate.—The acidic filtrate was treated with 
sodium acetate ( 25 g. ) followed by a solution of potassium iodide (25 g.) when 
a yellow iodide (10 g.) was precipitated. 


Reduction of the lodide with Zine and Acetic Actd.—The iodide was 
mixed with freshly precipitated silver chloride and water ( 200 cc.) and 
the mixture was warmed and stirred on a sand-bath for 15 hours. It was 
filtered hot and the filtrate was treated witha mixture of hydrochloric acid 
(30 c.c.) and acetic acid (40 cc.) and zinc dust ( 20 g.) in small instalments, 
till the brown colour of the solution became pale yellow. The solution was 
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basified with ammonia as in the previous case of reduction of berberinium 
chloride, and extracted as usual with ether. The ether layer (800 cc.) was then 
shaken with 5% sodium hydroxide solution (30 c.c.). The alkali layer became 
blood-red in colour indicating the presence of a phenolic base. (2) The Alkali 
Layer. (22) The Ether Layer. 

(2) Treatment of the Alkali Layer—The alkaline solution was first 
acidified with hydrochloric acid and then basified with ammonia to obtaina white 
crystalline precipitate of the phenolic base. The mixture was extracted with 
ether and the residue ( 0.1 g.) obtained on removal of the ether was crystallised 
from methanol, m. p. 206-207°. The crystals did not depress the m. p. of 
tetrahydrojatrorrhizine, m. p. 206-207’, isolated from A/ahonta acanthifolia, Don. 
(Chatterjee and Guha, /. Amer. Pharm. Assoc., 1950, 39, 577). ( Found : 
C, 69.95 ; H, 6. 69. Cale for Cop Hos O,N : C, 70.38; H, 6.74 per cent ). 

Oxtdation of the Reduced Phenolic Base by Joaine—The colorless 
crystals ( 0.1 g.) were treated with a mixture of iodine (0.2. g) and ethanol 
( 4.c.c. ) ina sealed tube at 100° for one hour according to Spath ef a/. (Monats, 
1929, 52,117; Ber., 1923, 56, 875). The residue (0.1 g.) obtained on evapora- 
tion of the solvent was freed from iodine and purified by crystallisation from 
water and finally from ethanol, m. p. 212°, no depression when mixed with an 
authentic sample of jatrorrhizine iodide, m. p. 210-12”. 

(it) Treatment of the Ether Layer.—The residue of the non-phenolic 
bases (0.7 g.), obtained on removal of ether, was warmed with methanol, when 
a portion of it went in solution. 

The Reduced~ Base, Insolublein Methanol: Tetrahydrocoptisine.—The 
insoluble part (0.28 g.) was purified by crystallisation from = mixture of chloro- 
form and methanol is white silky needles (0.2 g.), m. p. 221-22° (decomp). 
(Found: C, 70.1; H, 5.27. Calc. for C,;yH,;7;O4N: C, 70.4; H, 5.26 per 


cent). 
The combustion analysis and the melting point of the reduced base point 


it to be tetrahydrocoptisine. This was further confirmed by the observation of 
the undepressed mixed m. p. of the reduced base and an authentic sample of 
di-tetrahydrocoptisine, m. p. 221-22° (decomp.), isolated from Dcranostigma 
franchetianum and became available by the courtesy of Professor R. H. F. 
Manske, Canada. 

The Reduced Base, Soluble in Methanol: Tetrahydropalmatine.—The 
reduced base was obtained as fine crystals from a highly concentrated methano- 
lic solution, m. p. 142-43. The crystals did not depress the m. p. of .tetrahydro- 
palmatine, m. p. 142-43", isolated from Mahonia acanthifolia, Don. (loc. ctt). 

The authors are indebted to Dr. N. K. Sen, Head of the Department of 
Chemistry, Presidency College, Calcutta, for laboratory facilities. 
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REACTIONS WITH DRY ALKALINE EARTH HYDROXIDES. 
PART I. A GENERAL METHOD FOR THE PREPARATION 
OF THE HYDRIDES OF SULPHUR, SELENIUM 
AND PHOSPHORUS 


By J. Darra 


Hydrides of sulphur, selenium and phosphorus have been prepared by the action of dry 
alkaline earth hydroxides on the respective non-metals. 


There is a ruling impression that alkali‘and alkaline earth hydroxides react 
with sulphur in the same way and produce thiosulphates and polysulphides 
(Ephraim, “Inorganic Chemistry”, 1942, p. 535). In the literature, however, no 
mention can be found of any reaction between any dry alkaline earth hydroxide 
and sulphur or selenium. Raymond (Schercers Jour., 1890, 5, 389) made an 
abortive attempt to prepare phosphine by the action of phosphorus vapour on 
dry calcium hydroxide, but the work was not followed up with any other 
hydroxide of this group. Present work was started with the intention of 
elucidating the possible reactions between dry alkaline earth hydroxides and 
non-metals like sulphur, selenium and phosphorus. 


EXPERIMENTAL 


Dry Mg(OH)2 (97.4% and 100 mesh) was prepared by precipitating 
MgSO, (CE. P. cryst.) with NaOH solution and drying at 100°. Dry Ca(OH). 
(95.3% and 200 mesh) was obtained by the direct hydration of commercial quick 
lime (CaO, 93.1%; MgO, 1.51%; insol. 1.26%; FesOs etc., 1.21%; COs ete., 
2.91%) with half its weight of water as suggested by Pelletier (Ann. chim. 
phys. 1823, a, 23, 217). Dry Ba(OH)2 (94.5% and 100 mesh) was prepared 
by the dehydration of the E. P. crystals at 300° in a current of CO¢-free air. 
Sulphur was 99.4% pure, selenium and phosphorus (red), of Analar’ quality. 


Reaction of Dry Alkaline Earth Hydroxtdes and Sulphur—The mixture 
of the respective bases with powdered sulphur (1 : 6) was compressed in hard 
glass test tubes, keeping a central hole and provided with a delivery tube passing 
through a trap and dipping under hot water in a pneumatic trough. On 
heating the charge, HeS (completely soluble in NaOH soln.) was seen to evolve 
in all the*cases, but with maximum vehemence in the reaction with Mg(OH)>. 
Residues of all these reactions were found to contain sulphite, sulphate and 
sulphide, the latter in the reaction with Mg(OH)¢ occurred in traces with the 
sulphite in an insoluble (aq.) state, obviously being present in the basic form. 


5 
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Thiosulphates and polysulphides were found to be absent in every case, excepting 
a trace of the latter in the reaction with Ba(OH)s. Some amount of sublimed 
sulphur and water was noticed to collect in the trap. 


Quantitative study of the transformation of sulphur to hydride, sulphite 
and sulphate was made in the reaction with Mg(OH)>. The first was estimated 
from the volume of the gas corrected at N. T. P. (collected over water 
saturated with the same), the second from the titrated SOg, evolved by the 
acidification of an aliquot portion of the residue, and the third from the weight 
of BaSO,4, obtained from another acidified portion. The weight of the reacted 
sulphur was obtained by deducting the weight of the sublimed quantity, deter- 
mined by the method of Frauhling (2. angew. Chem., 1889, 2, 242) from the 
weight of sulphur taken (1g. in all the experiments). Results are shown 
in Table I. 


TABLE I 
Products obtained. Percentage transformation to 
Mg(OH)>. pata H,SOs. BaSO,. H,S. Sulphite. Sulphate. Hydride. Loss. 
10 g. 0.571 g. 0.177 g. 0.6618 g. 277 c.c. 12.06 15.91 69.32 2.11% 
15 0.840 0.211 1.0768 413 9.80 17.60 70.01 1.99 
20 0.949 0.2062 1.2430 480 8.47 18.10 72.28 0.55 


The oxtdatton products of sulphur in the reaction with Ca(OH) were 
estimated by removing the sulphide and excess of the base by a preliminary 
treatment with NH,Cl solution in cold, fusing the residue therefrom with 
fusion mixture and subjecting the extract to a procedure mentioned above. 
The results are shown in Table II. 


TABLE II 


Sulphur (1 g.) was taken in all the experiments. 


Products obtained % Oxidation to 
Wet. of We. of S BaSO,. H,SO3. Sulphite. Sulphate. Total. 
Ca(OH)>. reacted. 
4¢. 0.881 g. 0.1501 g. 0.5682 g. 25.0 2.34 27.3 
5 0.918 0.1617 0.6470 27.5 2.42 29.9 
6 0.930 0.1659 0.6410 27.0 2.45 295 


The reaction of selenium with hydroxides of magnesium (1: 4), calcium 
and barium, carried out separately, produced H2Se (100%) in all the cases. With 
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the first one alone, the gas evolution was profuse and the oxidation of Se was 
to selenate. With the other two bases the production of the gas was scanty and 
Se was oxidised to selenite (detected by the method of Muller, Z physzkal. 
Chem., 1922, 104, 346). Selenide was present in good quantity in all the 


cases. 


The reaction of red phosphorus with Mg(OH)¢ (1: 8) produced a gas 
containing 45% of PH;, but dwindling to 25% at the close. With Ca(OH) (1: 8) 
it was 20% at the start and 6% at the end. The gas from Ba(OH)>. was 
spontaneously inflammable in contact with air and thus differred from the 
products of other the two bases, obviously containing PgH,. The residue in all 
the cases contained phosphate as the only oxidation product. 


The temperatures of reaction with sulphur were determined by heating 
mixtures of the bases, and sulphur in different proportions, placing the 
thermometer at the central position and noting the temperatures at which 


gas bubbles in respective cases came out in rapid succession. Results are given 
in Table III. 


TABLE III 
Temperatures (fraction neglected). 
Sulphur: base. Mg (OH).. Ca(OH). Ba (OH),. 
1 : 2 224° 238° 285° 
+ 235° 250° 298° 
1 : 10 249° 265° 307° 


DISCUSSION 


The reactions of dry alkaline earth hydroxides by which sulphur and 
selenium are transformed to their hydrides offer a sharp contrast to the 
behaviours of alkali hydroxides, wherefrom thiosulphates and polysulphides 
are produced by the first, and selenite and selenide by the second (Calcagni, Gaz- 
-etta, 1923, 53, 1,114). The reaction can be formulated as 


3B(OH).+6s = 2BsOs + Bs+3Hes _ (1) 


Where B represents any alkaline earth metal and ‘s’ either S or Se. 
The formation of selenite and the conversion of sulphur mainly into 
sulphite (Table II) indicate that the reactions of Ca(OH), and 
Ba(OH)> proceed with both the non-metals by the relations expressed 
in eq. (1). Though the formation of sulphate in the reaction with Ca(OH)» 
is slight, the same with Mg(OH), is considerable and shows a marked 
increase with the increase of the base concentration (Table I), which, as has 
been seen (in Table_ III), is tantamount to progressive increases in the reaction 
temperatures. Connecting these observations with the facts that MgSO; 
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decomposes at 300° to sulphide and sulphate (Foerster and Kubel, Z. anorg. 
Chem., 1924, 139, 261) and CaSO; does so at 500° (Birubaum and Wittich, Zer., 
1880, 13, 651), it is easy to see that the reaction with Mg(OH), alone is 
liable to undergo considerable deviation from the equation (1) and can be 
represented in the final stage by 
2Mg(OH)2+4S = MgSO,+MgS+2HeS is (2) 
Remembering that MgS is easily hydrolysed by steam (Mourlot, 
Ann. chim. phys. 1899, vt, 17, 527) and steam is available from 
the decomposing hydroxide, the relation expressed by equation (1) seems to 
be well supported by the results of the experiments given in Table I. 
The formation of selenate, unmixed with any selenite, indicates that 
the reaction of Se with Mg(OH)>, too proceeds by this equation. The scanty 
yields of the gases in the reaction with Ca(OH)» and Ba(OH)z> are due to 
absorptions of the acidic hydrides, wherefrom the water found in the catch is 
also produced. 


The reaction of phosphorus can be represented by the formula 
5B(OH)2+4P = B;(PO4)2+2BO+2PH; +2He - (3) 


The occurrence of a slightly lower PHs content (45%) in the gas from 
Mg(OH)>, the deterioration in this at the later stage of the experiment, and 
the far lower yields from other bases, are all obviously due to thermal 
decomposition of the hydride. 


CONCLUSIONS 


Pure H2S can be prepared conveniently by heating a mixture of sulphur 
and dry Mg(OH). powder to a temperature of 225°, in which 75% of the element 
is convertible into the hydride and the rest to sulphate. H2Se of the same purity, 
with the same oxidation stage, ¢¢.. selenate, can be obtained by the identical 
procedure, but the hydride in this case is subject to appreciavle absorption by 
the heated base. Phosphine, obtained by the same method, can be 45% strong and 
free from the nuisance of PeH,. With dry calcium and barium hydroxides, S, Se 
and P exihibit the same type of reaction as with Mg(OH)¢ with the differences 
that sulphur and selenium undergo oxidation to a lower stage, 7. ¢., to sulphite 
and selenite respectively, the acidic hydrides evolved therefrom are largely 
absorbed back and the phosphine contents in the evolved gases are low. 


Received April 24,1951. 
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CHEMISTRY OF THE RARE EARTHS. PART IX. 
DISSOCIATION CONSTANTS OF THE DOUBLE 
THIOSULFHATES OF RARE EARTHS 


By Nraar Kumar Dorr anp Asim Kumar Gupta 


Dissociation constants of the double thiosulphates of rare earths (La and Ce) have been 
measured. These salts have been shown toexist in solution as anions ot the type R(S,O.)3”, 
where R stands for La or Ce. 


While studying the thiosulphates of rare earths, one of us described 
‘fhe composition and isolation of several double thiosulphates of imperfect 
omplex type (Dutt, this /ourna/, 1949, 26, 405). Normal thiosulphates, 
however, could not be isolated in the solid state. The same author also 
measured the dissociation constants of the normal thiosulphates of rare 
earth (Part VII, zézd.. 1950, 27,191) by Job’s method of continued variation. 
Dutt, however, failed to determine the dissociation constants of the complex 
thiosulphates, since in these cases two maxima were obtained—one cerrespon- 
ding to the double salts; and as pointed out by Job himself, in such cases, 
his principle of the method of continued variation failed. Had there been 
only one maximum in the curve, the principle would have been applicable. 
With this view in mind similar studies were found necessary with solutions 
of such salts of rare earths which will produce only one maximum in the 
curve. Dilute solutions of rare earth thiosulphates were prepared by the 
double decomposition between rare earth sulphates and strontium thiosul- 
phate and these solutions were used in latter experiments after determining 
their compositions by usual chemical analysis. 


Composition of complexes has been redetermined with solutions of 
rare earth thiosulphates by three independent physical methods : 


1. Method of transport measurement of Duval (Comf?. rend. 1935, 200, 
2175). 


2. Method of thermometric titration of Dutoit (/. Chim. phys., 1925, 19, 
394, 331). 


3. Method of continued variation of Job (Compt. rend, 1925, 180, 928) 


EXPERIMENTAL 
Transport Measurement 


Measurements were carried out in an apparatus very ingenious in design 
and simple in construction, first devised and used by Duval (Joc. cz¢.). Sketch 
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of the apparatus is shown in Fig 1. It consists of a U-tube fitted with two 

leak-proof and grease-free .top-cocks on the two vertical 

limbs. The solution under investigation was placed in 
| the lower part of the apparatus below the stop-cocks and 

the limbs above the stop-cocks were filled with some 
conducting solution like KCl, KNOs3 or dilute acid. Two 
Pt-wires, serving as electrodes, were dipped into the 
solution in the upper limbs. When connections were made 
with the mains, only few milliamperes of currents passed. 
Duration of the passage of current varied from ten minutes 
to several! hours, usually two or three. It should not be 
solong that any deposition occurs on the electrodes. 
Ions travel through the stop-cocks into the upper limbs. Finally the current 
was stopped, the solution taken out and analysed by usual methods 


FIG, 1 








The solution of a rare earth thiosulphate, prepared from rare earth 
sulphate and strontium thiosulphate, was taken in the above apparatus, upper 
limbs washed well and filled with very dilute acetic acid. Current was passed for 
two hours. At the end of the experiment, the solutions in the two upper limbs 
were examined for different ions travelled towards different electrodes. 
Results are shown below. 


At the azode—both La (or Ce) and thiosulphate. 
At the cathode—only La (or Ce). 


The presence of both rare earth and thiosulphate in the anode and only 
rare earth in the cathode limb at once suggested the formation of some complex 
rare earth thiosulphate anion. Later, the solutions in the two limbs were 
analysed quantitatively to determine the composition of the complex. Several 
determinations were made and the mean value was taken, Results are shown 
in Tables I and II. 


TaBLE I 


Trasport experiments with Lag(SeO3)3 solution. 


No. Anode cell Cothode cell 
ae 
Lanthanum (vol.) Thiosulphate (vol.) Lanthanum (vol.). 
Volume , ; Volume 
(corr.) © Amount or | Amount of Tonic ratio (<orr.) of Amount 
MnO, . of La. S,03. of La: S,O;. KMnQ,. of* La. 
1 0.103 ¢. c. 0.00049 g. 0.530.c. c. 0.00118 g. 1: 3.0 0.100 c.c. 0.00049 g. 
2 0.108 0.00051 0.535 0.0021 1:29 0.108 0.00051 
3 0.098 0.00047 0.530 0.00118 1:3.1 0.103 0 00049 
4 0.103 0.00049 0.530 0.00118 1: 3.0 0.103 0.00049 
5 0.098 0.00047 0.535 0.0012 1:3.1 0.103 0.00049 
6 0.106 0.00050 0.530 0.00118 1:3.0 0.103 0.00049 
Mean 1: 3.02 
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TABLE II 


Transport experiments with Ceo(S2O3)3 solution. 


No. Anode cell ~ Cathode cell 
ooo 
Cerium (vol.) Thiosulphate (vol. ) Cerium (vol.) 

Poe Amount Iodine Amount of Ba a bony Amount 

KMn0,. of Ce. used. S203. Ce:S;0;. KMnQ,. of Ce. 
1 0.138 c. c. 0.00056 g. 0.660 c.c. 0.00147 g. 1:28 0.138 c.c. 0.00066 g. 
2 0.128 0.00061 0.665 0 00148 1 : 3.06 0.123 0.00060 
3 0.133 0.00063 0.665 0.00148 1:29 0.133 0.00063 
4 0.133 0.00063 0.660 0.00147 1:29 0.138 0.00066 
5 0.138 0.00066 0.665 0.00148 1:28 0.123 0.00060 
6 0.123 0.00060 C.665 0.00148 1:3.0 0.128 0.00061 
7 0.128 0.00061 0.670 0.00150 1: 3.0 0.133 0.00063 
3 0.133 0.00063 0.669 0.00147 1:29 0.133 0.00063 

Mean 1: 2.92 


The ratio of rare earth to thiosulphate in the anode limb was always 
found to be 1:3, indicating that the complex anion in this case must be 
R(SeO3)3”. Again, amounts of rare earth metals in both the limbs being found 
practically equal, the salt may be looked upon as La La(S2Os3)3 7 ¢., lanthanum 
salt of lanthano-thiosulphate, an1 cerium also formed a similar complex. 


Methods of Analysis—Rare earths in both the limbs were analysed as 
follows: The rare earth was precipitated with a known volume of a standard 
solution (.V/10) of oxalic acid; the precipitate was left overnight, filtered, 
and washed with very dilute ammonium nitrate (0.1%) solution to make it free of 
oxalic acid. The excess of oxalic acid in the filtrate was then determined 
with a standard solution (N/10) of potassium permanganate added from a 


micro-burette using diphenylamine as an internal indicator. To determine 
rare earth in the anode compartment, the solution was decomposed by heating 
with a few drops of dilute hydrochloric acid, evaporated to dryness, taken up 
with water and filtered. Thiosulphate in the anode compartment was deter- 
mined volumetrically by titration with a very dilute standard (/50) iodine 
solution using a very dilute solution of starch as indicator. 

Indicator Correction —With permanganate and diphenylamine, as the 
amounts of rare earths were very small, indicator correction was found 
necessary. On closer study, it had been found to obey a linear variation, the 
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amount being almost exactly 0.005 c. c. of N/10 permanganate solution for 


every 0.05 c. c. of the indicator used. Corrected volumes were recorded. 


Thermometric Titration 


The solution of the rare earth thiosulphate was taken in the inner 


flask and the thiosulphate solutions (of Na, K, NH4) were added from the 
burette at regular intervals and the changes in the temperature were noted 
(cf. Part IV, this Journal, 1945, 22, 75). The differences -in the temperature 
were then plotted against the volume of thiosulphate solutions used. The 
results are shown in Table III—V and are represented graphically in Fig. 2. 


TABLE III TABLE IV TABLE V 
Cerous thiosulphate Cerous thiosulphate Cerous thiosulphate 
= 0.1348 1/. = 0.1348 .V/. =0.1348M. 
Sodium thiosulphate Potassium thiosulphate Ammonium thiosulphate 
= 1848. = 1.495. = 1.3404. 
Na,S,Os. TOSim® Diff. §«-K,S305. TeeGmS = Dif. (NHy'S.05. Tagine’ Diff. 
OG. ¢. 2.550° 0.000 0 cc. 1.850" 0.00 -Oc.c. 3.680° 0.000 
1 2.575° 0.025 1 : 1.870° 0.02 1 3.695° 0.015 
2 2.595° 0045 2 1.890° 0.04 2 3.715° 0.035 
3 2.617° 0.067 3 1.910° 0.06 3 3.730° 0.050 
4 2.640° 0.090 4 1.930° 0.08 4 3.750° 0.070 
5 2.650° 0.100 5 1.950° 0.10 5 3.765° 0.085 
6 2.650° 0.100 6 1.960° 0.11 6 3.780° 0.100 
7 2.650 0.100 7 1.962° 0.112 7 3.785 0.105 
8 2.650° 0.100 8 1.965° ; 0.115 8 3.790° 0.110 
9 3.795° 0.115 


Curves are all of the same type for different rare earths with different 
alkali thiosulphates—linear with only one break in each case ; the position of 
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the complex thiosulphate [R (S2O3)3]”, where R stands for lanthanum or 
cerium, thus supporting the conclusion already arrived at from the previous 
experiment. Here, there was no indication of the formation of any salt of 
the type [R (S2O3),]”” as was observed previously (Dutt, Joc. cit.) when titrating 
rare earth nitrates or chlorides with sodium thiosulphate. Sodium salt pre- 
viously described, viz., Nas R(SoeO3), may be looked upon as double salts of 
these (/¢rzs-thiosulphate complexes with one mole of free NagSeO3 «4. 
NasR(S2Os)3, NaoSeO3 or Re(SeO3)3, S5NagSeOs3, a type very common 
among double sulphates of rare earths. 


Method of Continued Vartation 


The general principle of this method and the actual experimental 
procedure for the application of the same have been described in Part VI of 
this series (oc. cz¢.). It has been shown that for equimolecular solutions, where 
« is the maximum composition, we have m/n=(1-x)/x, where m and » are 
the molecular proportions of the components reacting. Hence, from a know- 
ledge of the maximum composition (7), the formula of the complex can be 
determined from the ratio m/z. 


To determine the maximum composition, changes in the conductivity of 
different solutions were studied. The divergences from additive values (on 
the assumption that no reaction takes place) were then plotted as a function 
of the composition of the mixture. 


All measurements were made in an electrically regulated thermostat 
capable of keeping the temperature constant within +0.05’. 


Results are shown graphically in Figs. 3 and 4. 
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From a perusal of the curves it is evident that only one complex is 
formed and the maximum corresponds to a mixture containing 25% of the rare 
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earth thiosulphate and 75% of the alkali thiosulphate, ze., when the two combine 
in the ratio of Re(S2O3)3 : S2O3”=1:3 and it appears that the complex is 
formed by the reaction, 


Ro(S203)3+3S203” S 2 [R (S2O3)3]” 
where R stands for La or Ce; here m=1 and n=3. 


Studies of Non-equimolecular Solutions 


Re(S2O3)s+3S203 2 2[R(S2O3)3)” 
Cy Co C3 
Let Ci, (2, C3 be the concentrations of the two constituents and the 
complex in solution, then 
Cx C3 
a 
For any mixture, the following equations apply 
Ci x C3 = KC3 
C= cC-~x) - 4Cs 
Co =pCx =. C3 
> _ 3pC?x(p+3)-3 
4(p-1)?(3—4x)2 ~ die .- (CA) 
The maximum composition (*) depends both upon the concentrations 
of the two primary solutions and upon the dissociation constant K. Now, the 
Fic. 5 formula of the complex ion and the 
reaction by which it is formed being 


= K, 


whence, 














/ 

a | known, the value of the maximum 
lab composition determines the dissociation 
constant A with the help of equation 
4 (A), and hence it is a measure of 
lar the stability of the ion. For the values 
— | of C, the initial molar concentrations 
2 /0r of rare earth thiosulphates are not 
+ F taken in the calculations of XK but 
S sb these are multiplied by (1-<) where < is 
. L the degree of ionisation at the particular 
8 6b concentration used, as determined by 
Dutt (Part VIII, Zoc. czt.), since it has 
7 been assumed that the reaction occurs 
4Pr with the undissociated portions of the 

s rare earth thiosulphate taken. 
2r Results are shown _ graphically 
in Fig. 5 and values of the dissocia- 
feetlseeeciieenelicetelaedeteeetasel tion constants of complex thiosulphates 





ce 20 40 60 80 100 of lanthanum and cerium, as determined 
for four different pairs of non-equimolecular concentrations, are shown in Tables 
VI and VII. 
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TABLE VI 
Dissociation constant of La (SgQOs3)s. 
Temp. = 32°. 


zz. 


0.78 
0.70 
0.72 
0.69 


INORGANIC CHEMISTRY LABORATORY, 
University CoLLeGe OF ScIeNnce, 
CALcuTTa. 
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Mean 3.01x10™' 





TABLE VII 


Dissociation constant of Ce(S2QOs)s. 
Temp. = 32°. 


x. 


0.80 
0.66 
0.70 
0.65 


Mean 7.20x10-? 


Received May 26, 1951, 
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ESSENTIAL OIL FROM OC/MUM KILLIMAN/ARICUM, GUERKE. 
ISOLATION OF 70% OF CAMPHOR 


By U. G. Nayak anp P. C. Guaa 


Steam distillation of the plants grown here from the African seeds gave an essential oil in a 
yield of 3.3% and contained chiefly of d-a pinene (10%), d-limonene (6 %), terpinolene (5 %) and 
d-camphor (70 %). 


Octmum killimanjaricum, a strongly scented herb, belongs to the N. O. 
Labiatae and is indigenous to South Africa. During the war the experi- 
mental cultivation of Camphor basil was undertaken by the U. S Department 
of Agriculture in order to determine whether the plant was of value as a 
domestic source of natural camphor. A report on the work has been published 
by Lowman and Kelly (/. Amer. Phar. Assoc. Sct. Ed., 1945, 34, 153). These 
plants were grown in 1943, at BeltsVille, Maryland. Studies have been made 
on the plants grown directly from the seeds and also from seedlings which were 
transplanted. 


The yield of the oil on fresh herb obtained by Lowman and Kelly (Joc. czt.) 
varied from 0.43% to 0.81% and the average yield of camphor was 61.2% on the 
weight of the oil from fresh leaves. The yield of the oil from dried leaves 
varied from 0.58 to 0.92% and 'the average yield of camphor was 67% on the 
weight of the oil from dried leaves. 


The plants were grown here locally from the seeds imported from S. 
Africa and it was observed that 90 days were required for the plants to reach 
the flowering stage. and another 30 days to mature seed. During this stage 
the inflorescence was cut off and a part of this was distilled when fresh, 
after drying and after fermenting in the shade for about 15 days. Thus 
annually three to four crops can be harvested. Table I shows the 
yields of the oil obtained from the different types of crops. It was also 
observed that only the leaves contain the essential oil and the rest of the 
parts of the plants contain very little oil. Drying the crop before steam 
distillation was found to increase the yield of the oil. So cultivation of 
Ocimum killimanjartcum can be encouraged as a cottage industry in the 
villages. The crop can be harvested and dried in the villages and can be 
transported to the centres of steam distillation without any loss of oil or 


camphor cortent. 


It is clear from Table I that drying of the leaves definitely increases 
the yield of the oil and also the fermenation of fresh leaves increases the yield 
to a great extent. The oil is yellowish in colour with a strong odour of camphor. 
Table II gives the comparative values for the analytical constants 
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of the oil distilled here and that given by Guenther (Am. Perfumer, 1945, 47, 
49-51, 51-53), 


TABLE I 


Moisture in 


: the herb . . Percentage yield on 
Period. Wt. of the herb, RST) Yield of oil. Sne*Peape ary herb. 
shade. 
June 1949 87 Ibs. 54%, 123 ¢g. 0.31 0.68 
August ‘49 125 57 152 0.27 0.62 
October °49 186 48 380 0.45 0.89 
(fermented) 
January, 1950 120 Ibs. 40 288 0.66 1.1 
September '50 38 273 16 
(dried) - 
September °50 95 Ibs. 55 375 0.88 1.9 
(fresh leaves) 
October °50 19 Ibs. 220 2.6 
(fermented) 
March, 1951 9 Ibs. 135 3.3 
(dried) 
TABLE II 
Observed by the As given by Guenther 
authors . 1. 2. 
1. Sp. gr. at 30° 0.9680 0'°964 0.965 
2. Sp. gr. at 30° afrer removing camphor 0.90946 
which settled down on standing “ 
3. Opt. rotation +34°64 ’ — 1°48’ - 1°54’ 
4. Ref. index 1 4761 at 26° 1.4959 at 20° 1.4963 at 20° 
5. Acid value i 3.7 3.7 
6. Sapon. value 17.86 3.7 6.5 
7. Sapon. value after acetylation 71.1 
8. % Eugenol Nil 30 31 


The oil distilled here was found to contain no eugenol which was estimated 
as usual and also on fractionation no eugenol fraction was obtained, The 
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various percentage yields of camphor (vide Bull. Jmp. Inst, 1941, 39, 231, 
where the yield of camphor is mentioned as 77%) as also that of eugenol found 
out by various workers indicate that the soil and the climate where the plant 
(though of the same botanical origin) is grown has got a bearing on the 
composition of the oil. 


Fractionation of the Oil—The oil on fractionation gave three low boiling 
fractions even before the camphor fraction started distilling out. The low 
boiling fraction 59°-62°/23 mm. chiefly contained d-a-pinene (10%) identified 
as zsobornyl chloride, m.p 150° and zsobornyl bromide, m.p. 133°. The fractions 
65°-70°/23 mm. and 70°-75°/23 mm. were observed to be mainly containing 
d-limonene (6%) identified as nitrosochloride, m.p. 103-104’, tetrabromide, m p. 
104°, and terpinolene (5%) identified as terpinolene tetrabromide, m.p. 116-17’. 

After the low boiling fractions were distilled out the camphor fraction 
came out at 81°-83/8 mm. and this d-camphor (70%) formed the chief con- 
stituent of the oil. The higher boiling ftactions were also collected but they 
were not in appreciable quantities for any characterisation. 


EXPERIMENTAL 


About 800 g. of the oil were taken and cooled in a freezing mixture when 
the whole of the oil solidified. It was filtered, and the filtrate cooled again. This 
process was repeated and finally 250 g. of d-camphor were recovered. The 
residual oil was then fractionated under reduced pressure using the partial 
condensation take-off type Vigreux column and the following fractions were 
collected. 


TABLE III 

Fractions. Yield. ds," n “, {a] = i = 
1, 59°-62°/23 mm 85 ¢g. 0.86581 1.4685 +56 1.2 
2. 65°-75°/23 55 -»~ 0.85004 «1.4760 $6322 07 
3. 75°-80°/23 41 0.85875 1.4822 + 7.26 1.6 
4. 81°-83°/8 275 Camphor, m. p. 178.5°. +43.22 in 20% soln. of ethyl alcohol 
5. 83°—84°/8 44.2 | 0.94868 1.4718 + 38.26 
6. 108°-115°/8 21.2 0.92292 1.4975 + 814 13.2 78.9 
7._2°115° ~ 125°/8 11.6 0.94576 1,5025 + 20.16 26.6 108.6 


Fraction (1) in Table III was fractionated again, under reduced pressure 
of 90 mm. 
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TaBLe IV 
se 26 
Fractions. Yield. q. aD - i<],,° 
1. 96°-97°/90 mm. 10.7 g. 0.86266 1.4680 +672 
2. 97° = 98°/90 50.2 0.85242 1.4683 +63.1 
3. 98°-100°/90 12.6 0.86211 1.4683 + 61.32 


The fraction 97°-98°/70 mm. was then fractionated over sodium at atmos- 
pheric pressure and collected. This fraction had the b.p., 155°-156°/685 mm. ; 


og! 1.4672 ; poet 0.8622; [«] 2° +62'6. This fraction in ethereal solution with 
dry HCl gave zsobornyl chloride, m.p. 150°, and with dry HBr gave zsobornyl 
bromide, m.p. 133°. Also on oxidation it gave pinonic acid, m.p. 68°. Thus it was 
characterised as d-«-finzne. 

Fraction (2), in Table III was then fractionated under reduced pressure 
and two fraction were collected. 


TABLE V 
“5 «5 26 
Fractions. Yield. ‘.." n: [<) =* 
1. 105°-107°/90 mm. 44.4 g. 0.8506 1.4707 + 67°.68 
2. 107°-110°/90 10.2 0.8580 1.4810 + 8°.2 


The fraction 105°-107/90 mm. was then fractionated over sodium under 
atmospheric pressure and the whole fraction distilled at 172°-173°/685 mm. It 


had the following constants: @3°, 0.8478 ; 7,, 14704; [«]5°,+712°. 


This fraction in ethereal solution, with dry HCl gave dipentene 
dihydrochloride, m.p. 50°, and with dry HBr gave dipentene dihydrobromide, m.p 
64°. Also with bromine in glacial acetic acid it gave a tetrabromide, m.p. 104° 
(limonene tetrabromide, m.p. 104°) and with amyl nitrite, acetic acid and 
hydrochloric acid it gave a nitrosochloride, m.p. 103-104° (limonene nitroso- 
chloride, m. p. 104°). Thus it was identified as @-dimonene. 


The fraction (2) in Table V*was mixed with fraction (3) in Table III and 
fractionated again and two fractions were collected. 


TABLE VI 


: : - 26 25 
Fractions. Yield. qd. ny: [x], - 
1, 107°- 109°/90 mm. 38 ¢ 0.8529 1.4812 +7°.6 


2. 109°—111°/90 8.6 0.8589 1.4746 +13°,3 
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The fraction 107°-109/90 mm. was then fractionated over metallic sodium 
under reduced pressure and collected at 68°-69°/11 mm. It had the following 


25 25 2 
constants:¢@ ,08510; 2 , 1.4810; [x] ,+62. 
25 D D 


This fraction in ether-amy]l alcohol solution with bromine gave terpinolene 
tetrabromide, m.p. 116-17°. In ethereal solution with dry HCl it gave dipentene 
dihydrochloride, m p. 50°. Thus it was identified as /erpinolene, but it was found 
difficult to free it from even the last traces of limonene, and this impurity was 
responsible for the little optical activity of the terpinolene fraction. 

Fraction 83°-84°/8 mm. was fractionated and it gave 32 g. of camphor. 
Higher boiling fractions which are mixtures of sesquiterpenes and alcohols could 
not be characterised owing to insufficient quantities of these fractions. 

Composition of the Oil .—Thus the final composition of the oil was found 
to be d-a-pinene= 10%. d-limonene =6%, terpinolene=5%, d-camphor = 70% and 
unidentified sesquiterpenes and sesquiterpene alcohols =9%. 

The oil has been reported to contain eugenol but no eugenol was found 
to be present either by estimation or on fractionation. The yield of 70% 
camphor is perhaps the highest so far recorded for this oil. The presence 
of the low boiling fractions containing d-<-pinene, d-limonene and terpinolene 
were not at all reported by earlier workers. 

The authors’ thanks are due to Rao Bahadur B. S. Nirody for kindly 
growing the plants in the Institute nursery and supplying the raw material 
for the work. 


Orcanic Cuemistry LARORATOEIEs, 
Inpran InstITuTE OF Scrence, Received May 25, 1951. 
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PHYSICO-CHEMICAL STUDIES ON THE COMPOSITION OF 
COMPLEX METALLIC FERRO-AND FERRICYANIDES. PART XII. 
CONDUCTOMETRIC AND THERMOMETRIC STUDIES 
ON THE COMPOSITION OF NICKEL 
FERRICYANIDE 


By Harisu C. Gaur anp ABaAnr K, BHATTACHARYA 


The composition of nickel ferricyanide by direct and reverse conductometric and thermo- 
metric titrations has been studied. The composition arrived at is Ni,(Fe'''Cy,), but in excess of 
potassium ferricyanide it changes to KNi,[Fe (Cy),];. 


In continuation of our studies on the composition of complex metallic 
ferro-and ferricyanides (Gaur and Bhattacharya, this Journal, 1947, 24 487, 499; 
1948, 25, 27, 185, 191, 220, 349 ; 1949, 26, 46 ; 1950, 27, 251; Curr. Scz., 1950, 19, 
176), the composition of nickel ferricyanide has been studied by conducto- 
metric and thermometric methods. 


ExPREMENTAL 


B. D. H. (Analar) reagents were used. Nickel was estimated by electrolytic 
method from strongly ammoniacal solution. Potassium ferricyanide solution 
was estimated iodometrically by titrating against standardised sodium thio- 
sulphate solution. The conductometric and thermometric titration arrange- 
ments have already been shown in our earlier publications. 


With different concentrations of the two salt solutions, conductometric s 
and thermometric titrations were carried out by direct and reverse methods, 
t. é., when nickel sulphate solution from -the burette was added to potassium 
ferricyanide solution taken in the conductivity cell or thermos flask and vice 
versa. The titrations were carried out both in aqueous and aqueous-alcoholic 


medium, the maximum alcoholic concentration in the latter case being 20% by 
volume. 





M/[4.703 solution of nickel sulphate would be referred as A/1-NiSO, 
solution, and M/5.07 solution of potassium ferricyanide as A/1-K,FeCy, 
solution. 


7 
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TABLE I 


Conductometric titrations. 


Direct method. Reverse method. 
(7) A/1-NiSO, + A/10-K3Fe Cy,. (i) A/2-KgFeCyg + A/10 -NiSO,. 
Conc. ratio (m)-10 : 1. Conc. ratio (nm) =5 : 1. 
A/10-K,FeCy Equiv. vol. : Equiv. vol. 
inthe cell. | Alcohol “of ajo. Curve A/I0-NiSO, Alcohol “of aj10- Curve 
: NiSO,. No. 2 KsFeCy,. No. 
(v) (v) 
10 c. c. 0.0 c. c. 13.40 c. c. 1 10 c. c. 0.0 c. c. 6.90 c. c. 7 
9 1.0 13.10 2 a 1.0 7.05 8 
8 2.0 12.75 3 8 2.0 7.13 q 
(it) A/2-NiSO, + A/10-K,FeCy,. (ti) A/4-K.,FeCy,+A/10-NiSO,, 
Conc. ratio (n) =5: 1. Conc. ratio (m) =2.5: 1. 
10 c. c. 0.0 c. c. 13.40 c. c. + 10 c. c. 0.0 c. ¢. 6.90 c. c. 10 
2 1.0 13.00 5 ) 1.0 7.05 1l 
8 2.0 12.88 6 8 2.0 7.13 12 
TABLE II 
Thermometric titrations. 
Direct method. Reverse method, 
(i) A/l-NiSO, + A/10-KFeCy,. (ii) A/2-KsFeCy, + A/10-NiSQ,. 
Conc. ratio (n) =10 ; 1, (mn) =5 : 1. 
Equiv vol. . Equiv. vol. 
A/10-KsFeCy, Alcohol of A/10- — A/10-NiSO, Alcohol of A/10- —— 
taken. added. NiSO,. No. taken. added. K,FeCy, No. 
(v) (v) 
20 «. c. 0.0 c. c. 26.8 c. c. 13 20 c. c. 0.0 c. c. 13.80 c. c. 19 
18 2.0 26.2 14 18 2.0 14,10 20 
16 4.0 25.5 15. 16 4.0 14.25 21 
(ii) A/2-NiSO, + A/10-K,FeCy,. (ii) A/4 K,FeCy,+A/10-NiSO,. 
(m)=5:1, (n) =2.5 : L.. 
20 c. c. 0.0 ¢. c. 26.8 c. c. 16 20 c. c. 0.0 c. c. 13.80 c. c. 22 
18 2.0 26.0 17 18 2.0 14.0 23 


16 4.0 25.75 13 16 4.06 14.25 24 
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COMPLEX ME‘TALLIC FERRO AND FERRICYANIDES 


DISCUSSION 


From the strengths of the solutions of nickel sulphate ( 4//4.703 ) and 
potassium ferricyanide ( 1//5.07). the calculated titre equivalents for the 
formation of the more probable compounds are given below. 


\ 


Formula. > KNi (Fel!! Cy,). Nig (Fell! Cy,)>. KNi, (Fell! Cy,)s. 


1. Titre values for 10 c. c. 
K3FeCy, in direct titrations 9.27 c. c. 13.9 c. ¢. 12.36 c. ¢. 


nickel sulphate solution. 


2. Titre valutes for 10 c. c. NiSO, 
in the reverse titrations ooo. Marne. 7.19 ¢. c. 8.09 c. c. 


potassium ferricyanide solution. 


The observed titre values ( Tables I and II) in direct conductometric 
and thermometric titrations approximate to the theoretical values required for 


. i ; I 
the formation of the compounds Nis( Fe Cy, )2 and KNi, ( Fe Cyg )s.- The 
possibility of formation of the compound KNi [ F e Cy, ] is ruled out on the 
basis of conductometric and thermometric results. 


The nature of the discrepancy between the observed and the calculated 
titre values by direct and reverse conductometric and thermometric titrations 
in aqueous medium and the subsequent change, when the titrations are carried 
out in presence of alcohol, is similar to those observed in the case of other 
complex ferricyanides studied by us (/oc.cz/.) and can be explained in 
a similar way, /. ¢.,due to hydrolysis of the precipitated nickel ferricyanide 


and adsorption of FeCy, and Ni ions by it. 


In the case of reverse titrations the observed titre value for 10c.c. of 
nickel sulphate solution in aqueous medium is 6.9 c. c. which gradually increases 
and approaches the theoretical value (7.19) required for the formation of 


Ill 
the compound Ni;(Fe Cy,)., when the titrations are performed in presence of 
alcohol. From the above considerations it is obvious that the compound 


1 
Nis(Fe Cy,)e is formed when the titrations are performed by the reverse way 
(K3FeCy, added to NiSO,). 

In the direct case (NiSO, added to KsFeCy,) the observed titre value 
for 10 c. c, of potassium ferricyanide lies between those calculated for the 

Ill III 

formation of the compounds Nis(Fe Cy,)2 and KNI4(Fe Cyg);. In view of the 
hydrolysis of the precipitated nickel ferricyanide the observed titre values in 
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aqueous medium will be slightly higher than the calculated value, because 


FeCy, released as a result of hydrolysis would react with more NiSO, When 
the titrations are performed in presence of alcohol, the observed titre value 
would decrease consequent upon the the check of hydrolysis to some extent. 
Thus the obs2rved titre values would then approach the calculated value more 


closely. From this consideration it is obvious that the compound Ni,(Fe CysJe 
is not formed when the titrations are performed by the direct way (NiSO,added 
to K3FeCy,), because the observed titres in aqueous medium are lower than 
the calculated value required for its formation, and in aqueous-alcoholic medium 
the discrepancy between the observed and the calculated titre values 
increases still more. The observed titres therefore suggest the formation of 


; Ill 
such compounds intermediate between Nis [ FeCy, ]> and KNig (F e Cye)s. 
The latter compound can be visualised to be formed by the interaction of one 


Ill 
molecule of Nis(F e Cy,)2 with one molecule of KNiFeCy,. In the. reverse 
titrations, when KsFeCy, is added to nickel sulphate, Nis [ FeCy, ]2 is formed. 


The role of adsorption of the reacting ions by the precipitated nickel 
ferricyanide will also be appreciable as has been revealed by the quantitative 


adsorption of Ni and F eCy « ions by nickel ferricyanide sol. Quantitative results 
on adsoption and hydrolysis will follow. 


The authors’ thanks are due to Dr. S.S. Deshapande for his kind 
interest in the work. 


PaysicaL CHEMISTRY SECTION, Received Jannary 22, 1951. 
CHEMICAL LABORATORIES, 
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STUDIES ON STANNIC OXIDE. PART II. ADSORPTION OF 
POLYBASIC ACIDS AND THE EFFECT OF 
SALTS ON IT 


By S. Apirya Aanp B. N. Guosn 


The adsorption of polybasic organic acids by hydrated stannic oxide has been studied. The 
order of adsorption of the acids is : citric acid) oxalic acid) tartaric acid) malic acid) fumaric acid, 


maleic acid) malonic acid) succinic acid. The adsorption of a polybasic acid decreases in presence of 
the salt of the same acid as well as in presence of salts like sodium chloride and sodium sulphate. 


In continuation of our previous work (this zssve, p. 92) we have studied the . 
adsorption of polybasic organic acids by hydrated stannic oxide and the effect 
of addition of various salts on their adsorption. The preparation of the 
materials and the experimental techniques are the same as described previously. 
Some experiments have been performed with the sample prepared previously, 
and a freshly prepared sample has also been used for a number of other experi- 
ments. This has been done in order to ascertain whether the same type of 
results are obtained or not. The results of measurement of adsorption of 
acids by hydrated stannic oxide (both old and new samples) are presented 
graphically, while the data indicating the effect of salts on adsorption are 
recorded in a tabular form. 


Fic. 1 
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Sample I (fydrated Stanme Onids) used, 
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a/m represents in c. c. in normality of acid adsorbed per g. mole of the adsorbent.} 
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TABLE I 


Effect of salts on the adsorption of polybasic organic actds 


Name of acids 
and salts. 


Malonic acid 

+ its sodium 
salt 

+ a « 

+ NaCl 

+ Na.SO, 


” 


Succinic acid 

+ its sodium 
salt 

+ NaCl 

+ Na,SO, 


Maleic acid 
. + its sodium 
salt 
+ NaCl 
+ Na,SO, 


” 


Fumaric acid 
+ its sodium 
salt 
+ NaCl 
+ Na,SO, 


Oxalic acid 
+ its sodium 
salt 
<o « 
» + NaCl 
» + Na SO, 


Citric acid 
» + its sodium 
salt 
o T « 
+ «a 


by hydrated stannic oxide. 


Acid adsor- Acid (N) 
bedinec.c adsorbedper 


Initial corrected conc. : . 
Final acid Dif. 


of acids. of salts. a. in normality. g. mole of 
adsorbent. 
0.02510N  0.,00000NV 0,008312N 0.016788N 1.7124 64.34 c. c. 
0.02510 0.03764 0.02152 0.00358 0.3651 13.75 
0.02510 0.07530 0.02508 0.00002 0.00204 0.07687 
0.02510 0.02721 0.009634 0.01546 1.5775 59.82 
0.02510 0.02066 + —-0,008793 «0.016307 —S—«i1.6933 63.72 
0.02169 0.0000 0.01072 0.01097 1.1188 42.07 
0.02169 0.03251 0.01792 0.00377 0.3845 14.46 
0.02169 0.02721 0.01088 0.01081 1.1026 41.47 
0.02169 0.02066 0.01114 0.01055 1.076 40.44 
0.02560 0.0000 0.007286 0.01831 1.868 70.42 
0.02560 0.02560 0.02169 0.00391 0.3988 14.99 
0.02560 0.02721 0.007372 0.018228 1.8580 69.84 
0.02560 0.02066 0.008260 0.01734 1.7680 66.47 
0.02560 0.0000 0.00916 0.01650 1.6820 63.23 
0.02560 0.02560 0.01512 0.01048 1.0680 40.15 
0.02560 0.02721 0.009456 0.01615 1.6370 61.55 
0.02560 0.02066 0.01015 0.01548 1.5750 59.22 
0.020 37 0,0000 0.00134 0.01903 1.94106 76.4 
0.02037 0.03044 0.004105 0.01626 1.6590 62.47 
0.02037 0.06089 0.005095 0.015275 1.5570 58.64 
0.02037 0.05488 0.001508 0.01886 1.9236 72.78 
0.02037 0.04132 0.001425 0.01894 1.9318 72.78 
(Stannic oxide, sample II used) 
0.04873 0.0000 0.0114 0.03759 3.85297 169.7 
0.04873 0.02426 0.02008 0.02865 2.9288. 139.00 
0.04873 0.04873 0.02586 0.02287 2.3381 102.98 
0.04873 0.09746 0.03334 0.01539 1.5733 69.30 
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STUDIES ON STANNIC OXIDE 


DISCUSSION 


It will be noticed from the graph that the order of adsorption of 
polybasic organic acids at the same concentration is citric acid) oxalic acid ) 
tartaric acid ) malic acid > fumaric acid, maleic acid ) malonic acid ) succinic 
acid. If this is compared with the adsorption of monobasic acids it is seen that 
the adsorption of polybasic acids is markedly greater. This is attributed to 
the fact that when an acid with a multivalent anion is used, the anion because 
of its high electric adsorbability diminishes the positive charge on the surface, 


Fic. 2 


200h 





Ta 
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Sawple I (Ry+rakd Starnic Omide) used 
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and hence favours further primary adsorption of hydrogen ions. Moreover, 
when a polyvalent anion is electrically adsorbed and covers a single primarily 
adsorbed hydrogen ion on the surface, it will drag a hydrogen ion along with it, 
in order to maintain the electrical neutrality of the solution. This accounts 
for the increased adsorption of the polybasic acids. The effect of constitution 
is seen when the adsorption curves of tartaric, malic, maleic, fumaric and succinic 
acids are compared. Succinic acid has the lowest adsorption and also the 
lowest dissociation. Coming to others, it is seen that tartaric acid is adsorbed 
most and then malic acid and still less maleic and fumaric acids, although they 
are nearly equally dissociated. This strong adsorption of tartaric acid is most 
probably due to the presence of two hydroxyl groups and that of malic acid 
owing to one hydroxyl group. Similar behaviour has been obsrved also in the 
case of monobasic acids (cf. hydroxy-acetic acid and acetic acid). This confirms 
the view expressed by us previously that structure and constitution markedly 
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affect the electrical adsorption of anions and thereby influence the adsorption 
of the corresponding acids. 


In the case of adsorption of maleic and fumaric acids, a peculiarity is that 
the adsorption curves intersect. The order of adsorption by charcoal shows 
fumaric acid ) maleic acid as observed by Shilov and Nekrassov ( Z. phystka/. 
Chem., 1927, 130,65), Lumer and Gortmer (/. Phys. Chem., 1935, 39, 353) and Gupta 
and De (this Journal, 1946, 23, 353). In the case of stannic oxide the adsorption 
is mainly due to the hydrogen ions influenced to some extent by the accompanying 
anions, So at a low concentration of the acid, when the anionic adsorption is not 
predominant, maleic acid is adsorbed toa greater extent as the hydrogen-ion 
concentration in its solution is greater because of its high dissociation. At high 
concentration of the acids, however, the effect of the anions becomes more and 
more pronounced, leading to a reversal in the order ot adsorption. 


The addition of a salt of the same acid causes a marked decrease 
in its adsorption, and as previously suggested for monobasic acids, this 
should be attributed to the suppression of electrolytic dissociation of the 
polybasic acid resulting in the lowering of H* ion concentration with a conse- 
quent lowering in its adsorption. Addition of even sulphate or chloride of 
sodium causes a decrease in the adsorption of polybasic acids by stannic 
oxide. It should be noted, however, that the polybasic acids used are weak 
electrolytes and so far as their electrolytic dissociation is concerned, they 
behave practically as monobasic acids at the concentrations used. Hence, 
when an anion of such a polybasic acid is electricaJly adsorbed, it carries with it 
its other ionisable hydrogen to the neighbourhood of the surface of the 
adsorbent. Some of these ionisable hydrogen, depending ‘on the strength of the 
acid used, can be free and be present in the mobile part of the electrical double 
layer and can be replaced by a cation ( Na‘ion in this case ) from the solution 
depending on its concentration, valency, etc. Besides, the chloride and sulphate 
ions introduced into the solution can compete with the anions of the organic 
acids and affect their electrical adsorption. Both of these factors will tend to 
decrease the adsorption of a polybasic acid. 


All the observations recorded in this paper and in the previous one lead 
to the conclusion that the adsorption of acids by stannic oxide is mainly due 
to the primary adsorption of H*ions influenced to some extent by the electrical 
adsorption of the accompanying anions. The experimental results indicate that 
the electrical adsorption of anions depends on their structure, constitution and 
valency. 


DEPARTMENT OF CHEMISTRY, Received August 22, 1951. 
University Cotiecs or Science & Techno.oey, 
CaLcurta 9. 
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KOSTANECKI-ROBINSON ACYLATION. PART I. 
STUDIES IN 1-ACYL-2-NAPHTHOL SERIES 


By A. B. Sen anp T. N. Kaxkagsi 


Eight new naphthocoumarins have been prepared by the Kostanecki-Robinson acylation of 
l-acyl-2-naphthols. 


Kostanecki-Robinson acylation has been a subject of wide study on 
account of the element of uncertainty associated with it, as it has been observed 
that either'a chromone or a coumarin is formed, or a mixture of both, depending 
upon (2) the acid anhydride, (27) the salt and (zz) the ortho-hydroxyketone. 


Wittig (Ber., 1924, 57, 88) and Wittig, Bangert and Richter (Amnalen, 
1926, 446, 178) obtained a mixture of coumarins and chromones by Kostanecki 
acylation of 4-chloro-6-acetylphenol and o-hydroxyacetophenone. Sethna and 
Shah (this Journal, 1940, 17, 239, 487) reported the exclusive formation of 
coumarin by Kostanecki acylation of orcacetophenone and its methyl ether, 
while orcpropiophenone exclusively gave chromones (Trivedi, Sethna and Shah. 
]. Univ. Bombay, 1942, 11, 144). 


The influence of the acid anhydrides and the corresponding sodium salt 
has been observed by Sethna and Shah (Chem. Rev., 1945, 36. 10) who conclude 
that with acid anhydrides and sodium salts of higher fatty acids (propionic 
and butyric) there is a tendency towards coumarin formation. 


The introduction of higher alkyl substituents in the side chain of the 
o-hydroxyketone favours the formation of chromones (Canter, Curd and 
Robertston, J. Chem. Soc., 1931, 1255). Chadha, Mahal and Venkataraman 
(zbzd., 1933, 1459) observed that chromone formation took place more 
easily with acyl-hydroxynaphthalenes than with acyl-hydroxybenzenes. 


In the present work, the action of acetic anhydride and sodium acetate 
on 1-propionyl- and 1-butyryl-2-naphthols and of propionic and butyric 
anhydrides and their corresponding sodium salts on l-acetyl-, 1-propionyl- and 
1-butyryl-2-naphthols has been studied (Sen and Bhattacharji, Curr Sez, 1951,. 
20,191). It has been found that only naphthocoumarins are formed in 
these cases, thus corroborating the observations of Sethna and Shah (Joc. czt.) ; 
the action of acetic anhydride and sodium acetate on 1-acetyl-2-naphthol 
gives the chromone (Menon and Venkataraman, /. Chem. Soc. 1931, 2591) 


The structures of the compounds (II) obtained by the Kostanecki- 
Robinson acylation have been arrived at from the results of hydrolysis with 2V 
alkali. In all cases acids which analysed for substituted $-hydroxy-%-naphthyl- 
acrylic acids were obtained. The formation of these (/vams) naphthocoumaric 
acids (unsaturated and phenolic) definitely leads to the conclusion that naph- 
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thocoumarins have been formed (Sethna and Shah, Joc. ct#, Fries and Kloster- 
mann, Azmmnalen, 1908, 362, 1; Fries and Volk, zézd., 1911, 379, 90). 


Further, the above compounds even after treatment with sodium ethoxide 
in absolute alcoholic solutions for 12 hours were recovered back without 
the formation of any diketone, thus leading to the conclusion that chromones 
were not formed (Sethna and Shah, /oc. cz#. Simonis, Ber., 1917, 50, 779). 








' R 
CH2R CHR 3 
. site R'CH, A 
“ | co “4 0° 
| 1 
ON/\ OK (RCH, CO), O ie JVJ / OLOCHER ; JV)? 
| R.CH,.COONa : 7 
VF WAS VAS 
(I) 1-Acyl-2-naphthol. (II) Naphthocoumarins. 
R’CH, R 
C = C—COOH 
2N Alkali Avs /OH 
> 
VAG 


(III) Naphthocoumaric acid. 


EXPERIMENTAL 


Naphthocoumarins.—A mixture of 1-acyl—2-naphthol (1 mole), appropriate 
acid anhydride (6.5 moles) and the corresponding sodium salt (4.5 moles) was 
heated in an oil-bath at 160° for 6 hours. It was then cooled and boiled with 
100 c.c of water for 2 hours in order to decompose the excess acid anhydride. 
After cooling, the resultant solid was taken up in ether and washed with 1% 
alkali and then with water. The ethereal layer was dried over anhydrous 
sodium sulphate and the ether distilled off. The residual mass was recrystallised 


-from 50% aqueous alcohol. The compounds so obtained are summarised in 
Table I. 


Hydrolysis of the Compounds obtained by Kostanecki-Robinson Acylation 

(7) Sodium Ethoxide.—The compounds obtained above were treated 
with calculated amounts (1 mole) of sodium ethoxide in absolute alcoholic 
solutions for 12 hours at room temperature, after which the alcohol was 
distilled off, water added and the complex decomposed with dilute acetic 
acid. In every case the original substance was recovered back without the 
formation of any diketone, thus proving beyond doubt that chromone formation 
did not take place at all (doc. czt.). 
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(72) 2N-Alkak.—The compounds obtained by Kostanecki-Robinson 
acylations of the l-acyl-2-naphthols were hydrolysed with 2.V-alkali for 4 hours. 
In the case of 1-butyryl-2-naphthol, the hydrolysis was effected with 2.V-alcoholic 
potassium hydroxide as it was not hydrolysed by aqueous caustic soda. The 
resulting product was acidified, taken up in ether and extracted with 1% sodium 
bicarbonate solution and finally acidified again. The acids, thus obtained, were 
all phenolic and unsaturated in nature (III). The results are summarised in 
Table II. The unsaturated nature of the acids was tested by Baeyer’s per- 
manganate test and decolorisation of bromine water. 


(cz) Sodium Carbonate-—The compounds obtained by Kostanecki- 
Robinson acylations were hydrolysed with sodium carbonate when ,all of them 
were recovered back except the naphthocoumarins formed from 1-propionyl-2- 
naphthol with acetic and propionic anhydrides and their corresponding 
sodium salts. In these cases different products from the original ones were 
obtained after hydrolysis. These compounds were neutral in nature and melted 
respectively at 117-18° and 118-19. 


TABLE II. 
No. Naphtho- Naphtho- M. p. B. p. Molecular Neutralisation 
coumarin —— acid formula. equiv. 

R’= R= R’= R= Found. Calc. 
i. H CH; H CH; 63° ila C,5;H,,0s3 238.9 242 
2. H C,H, H C,H, tee 132°/.8mm C,,Hy6Os 256 256 
3. CHs H CH; H  124-25° is C,;H,4O,; 244 242 
4. CH; CHs; CH; CH; 119-20° ooo C,,.H,.O3 254.1 256 
59 CH, C,H, CH; C,H, §3-64° _ C,7,H,.0O; 274 270 
6, C,H, H C,H, H eco 145°/8mm. C,¢H,.O3 254.8 256 
7. C,H, CHs C,H, CH; site 140°/.8mm. C,;H,,0z 267.5 270 
8 C.H; C,H, C,H; C,H; nee 156°/2mm. C,,H..O; 282.9 284 


CHEMICAL LABORATORIES, 


Lucknow Universtry, Lucknow. Received May 7, 1951. 
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STUDIES IN ANTIMALARIALS. PART XIV. BIGUANIDE 
DRIVATIVES OF 3-PHENYLPYRIDINE DICARBOXYLIC ACID 


By L. Neevakxantan, B. H. Iver ann P. C. Guna 


chelidamic acids as possible antimalarials is described. 


our work on derivatives of 3-phenylchelidamic acid (Neelakantan, Iyer, 


extended to some of its biguanide derivatives. 


products were isolated in good yields. 
N-R 
iH} 


ZOO.) Ph S~N, /Ph 


R 
OH os ales NHR 
| Ph 
/™N 7 PH ” a 
| 
Hooc’ ‘N’\cooH+3RNH, —> R NHOC’ ~N~*conur+3 H.0 
Type B. 
Type A. Type B. RA 

I and VII w-Phenylbiguanyl 
II 4 VIII p-Methoxyphenylbiguanyl 
III * IX p-Chlorophenylbiguany! 
IV - Xx p-Tolylbiguanyl 
V ° XI p-Nitrophenylbiguanyl 





VI i. XII w-Methylbiguanyl. 


Preparation of a number of biguanide derivatives from 3-phenylchelidonic and 3-phenyl- 


The discovery of ‘Paludrine’ (Curd and Rose, / Chem. Soc., 1946, 729) 
having stimulated interest in substituted biguanide derivatives as antimalarials, 


Guha, 7. Jndtan Jnst. Sct., 1949, 314, 51, 57; this Journal, 1952, 29, 39) has been 


Unlike the primary alkyl and aryl amines and the substituted sulphanil- 
amides, which reacted in molecular proportion with 3-phenylchelidonic acid 
(Neelakantan e¢ al, doc. c:t.), four molecules of the biguanide react with one of 
the 3-phenylchelidonic acid to give compounds (I), (II), (IID, (IV), (V) and 
(VI) respectively of type A. Curiously enough, both the carboxyl groups and 
the keto-oxygen of the chelidonic acid have been as active towards the bigua- 
nides as the pyrone oxygen. In the case of 3-phenylchelidamic acid, where the 
active pyrone oxygen is already substituted with N, three molecules of the 
biguanide react with one of the 3-phenylchelidamic acid to give compounds 
(VIL), (VIID), (IX), CX), CXI) and (XID) respectively of type B. The reaction 
was carried out by refluxing the two ingredients in alcoholic solution and the 


7 ‘NN 7Z 
HOOC“\ 9 /\ cooH+4R NH; —> RNHOC” ~N’ \coNHR+4H:0 
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When tested pharmacologically, 1-(~-chlorophenylbiguany])-4-¢-chloro- 
phenylbiguanido)-2:6-47s-(p-chlorophenylbiguanidoformy]1)-3-phenylpyridine (III) 
showed some suppressive activity against P. gallimaceum in chicks. 


EXPERIMENTAL 


The various N-aryl biguanides were perpared by reacting one molecule 
of the appropriate amine hydrochloride with one molecule of dicyandiamide in 
alcoholic medium by refluxing fer 6 hours. 

1-( w-Phenylbiguanyl )-4-(»-phenylbiguantdo)-2 : 6-bis-(o-phenylbiguanido- 
formyl) -3-phenylpyridine (1).—3-Phenylchelidonic acid (2.6 g.) and phenyl- 
biguanide (7.0 g.) were refluxed for one hour in alcohol. The product which 
separated was filtered off when hot, dissolved in hydrochloric acid, treated with 
norite and the clear filtrate carefully neutralised using dilute alkali. The 
precipitate was collected and crystallised from alcohol to give colorless plates, 
m. p. 248°, yield 3.5. g. (Found: C, 60.59; H, 4. 48; N, 31.27. C4;HgsO02Noo0 
requires C, 60.27 ; H, 4.91 ; N. 31.4 per cent). 


1-( p-Anisylbiguanyl )-4-(p-anisylbiguantdo)-2 : 6-bis-(p-anisylbiguanido- 
formyl)-3-phenylpyridine (II).—The experimental procedure was the same as 
above, #-methoxyphenylbiguanide (8.3 g.) being used instead affording colorless 
needles from alcohol, m. p. 246°, yield 4.5 g. (Found : N, 27.01. C49Hs20¢-Noo 
requires N, 27.14 per cent). 


1-(p- Chlorophenylbiguanyl)-4-( p-chlorophenylbiguantdo )-2 : 6-bis-(p-chlo- 
rophenylbiguanidoformyl)-3-phenylpyridine ( Ill ). —s-Chlorophenylbiguanide 
(84 g.) and 3-phenylchelidonic acid (2.6 g) were reacted as above and the 
product after purification in the usual way gave white needles from alcohol, 
m. p. 250°, yield 4 g. (Found: N, 21.48. CysH4002 NooCl4 requires N, 21.72 
per cent). 


1-(p- Tolylbtguany!)-4-( p-tolylbiguanido )-2:6-bis-( p-/olylbiguanidoformyl )- 
3-phenylpyridine (IV).—3-Phenylchelidonic acid (26 g,) and /-tolyl- 
biguanide (7.6 g.) were reacted in the same way as before and the product 
after purification and crystallisation from alcohol gave white cubes, m. p. 
250°, yield 4.5 g. (Found : N, 29.60. C4 ,Hs202Noo requires N, 29.41 per cent). 

1-(p-Nitrophenylbiguanyl)-4-(p-nitrophenylbiguantdo)-2': 6-bis-(p-nttrophe- 
nylbiguanidoformy!)-3-phenylpyridine (V).—The reaction was carried out as 
before using -nitrophenylbiguanide (89 g) and 3 phenylchelidonic acid 
(2.6 g.). The product gave pale yellow crystals from alcohol, m. p. 210°, yield 
4g. (Found: N, 30.47. C45;Hg O1;9No4 requires N, 30.85 per cent). 


1-(o- Methylbiguanyl)-4-(o-methylbtguantdo)-2 : 6-bis-(o-methylbiguanido- 
formyl)-3-phenylpyridine (V1).—o-Methylbiguanide (4.6 g.) and 3-phenylche- 
lidonic acid (26 g.) were refluxed with alcohol for one hour. The product 
separating was removed off when hot, purified as the hydrochloride and 
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crystallised ‘from water as white crystals, m. p. above 300°, yield 2.5 g. 
(Found : N, 40.4. CopHs,QO2Ne, requires N, 40.26 per cent). 

4-( Phenylbiguanido )-2:6-bis-( phenylbiguanidoformyl )-3-phenylpyridine 
( VII).—-3-Phenylchelidamic acid (2.6 g.) was dissolved in alcohol and to this 
was added a solution of 5.3 g. of phenylbiguanide in alcohol. After admixture 
the whole was refluxed for one hour. On cooling a crystalline product 
separated. This was collected, dissolved in dilute hydrochloric acid, treated 
with decolorising charcoal and after filtration the clear solution was carefully 
neutralised using dilute alkali under efficient cooling. The precipitated mass was 
then crystallised from alcohol in colorless plates, m. p 245°, yield 29 g. 
(Found: C, 6051; H,4.52; N,30.9. C37Hs3,Q2Nig¢ requires C,60.33; H,4. 89; 
N, 30.56 per cent). 

4-(p-A nisylbiguanido)-2 : 6-bis-(p-anisylbtguanidoformyl)-3-phenylpyridine 
(VIIL).—f-Anisylbiguanide (6.2 g.) and the 3-phenylchelidamic acid (2.6 g.) 
were reacted in the same way es before and the product of reaction after a 
similar purification gave colorless needles from alcohol, m. p. 217°, yield 3. g. 
(Found: N, 28.41. C4,H420O5;N:, requires N, 28.33 per cent). 

4-( p-Chlorophenylbiguanido )-2:6-bis-(p-chlorophenlybiguanidoformy )-3- 
phenylpyridine (1X).—The same procedure as the above was adopted; #- 
chlorophenylbiguanide (63 g.) was used instead of the anisylbiguanide. 
The product gave white crystals from alcohol, m. p. 240°, yield 3.5 g. (Found : 
N, 21.48. Cs7Hs302Ni¢Cls requires N, 21.72 per cent). 

4-( p- Tolylbiguanido )-2 :6-bis-( p-tolylbiguantdoformyl )-3-phenylpyridine 
(X).-—f-Tolylbiguanide (5.7 g.) and 3-phenylchelidamic acid (26 g.) were 
reacted in a similar way to give a product which after purification and 
crystallisation from alcohol gave colorless needles, m. p. 185*, yield 28 g. 
(Found : N, 23.31. C49H4202N1¢ requires N, 23.46 per cent). 

4-( Nitrophenyliiguanido)-2 : 6-bis-(nttrophenylbiguanidoformy/)-3-phenyl- 
pyridine (X1).—-Nitrophenylbiguanide (6.7 g.) and 3-phenylchelidamic acid 
(2.6 g.) were separately dissolved in alcohol and the mixture refluxed for 
lhour. The product separating was collected and purified in the usual way. 
From alcohol this gave pale yelow needles, m.p. 247°, yield 4 g. (Found : N, 30.3. 
Cs7Hs3O0gNig requires N, 30.55 per cent). 

4-(w-Methylbiguanido)-2 : 6-bis-(»-methylbiguantdoformy] )-3-phéenyl pyridine 
(XII).—The experimental procedure was the same ; »-methylbiguanide (35 g.) 
and 3-phenylchelidamic acid (2.6 g.) were used in this case. The product 
was purified as the hydrochloride and the base crystallised from water twice to 
give colorless cubes, m. p. above 300°, yield 2 g. (Found: N, 37,31, 
CogHs002Ni¢ requires N, 37.45 per cent). 


OrcGanic CoEMIsTRY LABORATORIES, Received May 29, 1951. 
InDIAN INSTITUTE OF SCIENCE, 
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A NOTE ON THE PERIODATES OF MERCURY 


By Sursit Srxcu anp APAR SINGH 


Two different compounds, mercurous paraperiodate, Hg;IlO, and 
mercurous diparaperiodate, HggI2O1;, are reported to be formed by the 
interaction of mercurous nitrate and sodium metaperiodate (Lautsch, /. prakt. 
Chem., 1867, 100, 86 ; Rammelsberg. Pogg. Ann., 1868, 134, 524). 


In order to cheek the above observations mercurous and mercuric nitrates 
were treated separately with solutions of sodium and potassium metaperiodates 
respectively. Mercurous nitrate forms two new periodates, whereas mercuric 
nitrate forms mercuric diparaperiodate, Hg4I,0O,;. with the two alkali 
periodates. 


For analysis, iodine and available oxygen contents were determined by 
the methods adopted by Bahl and Partington ( 7, Chem. Soc., 1934, 1088 ). 


Mercury was determined as mercury zinc thiocyanate. 


From mercurous nitrate anda solution of secondary sodium paraperiodate 
in dilute nitric acid, the product gave: Hg, 59.23, 59.43, 59.42; I, 12.71, 12.54, 
1280; O (available), 10.23, 10.33, 10.33% Hg,I2Oi3. 20 HgO requires Hg, 
59.42 ; I, 12.55; O (available), 10.26 per cent. 


The product from the interaction of mercurous nitrate with an 
aqueous solution of potassium metaperiodate gave an’analysis Hg: 63.54, 63.46, 
63.61 ; I, 11.49, 11.61, 11.98 ; O(available), 10.42, 10.15, 10.42%. Hg7I2014. 18 H2O 
requires Hg, 63.64; I, 11.51; O (available), 10.15 per cent. 


The interaction of mercuric nitrate with a hot solution of secondary 
sodium paraperiodate in dilute nitric acid or with a hot solution of potassium 
mataperiodate in water led to a product which gave on analysis: Hg, 65.08, 
65.10; I, 20.52, 20.53; Ofavailable), 1419, 14.24%. Hg4gIoO,, requires 
Hg, 65.11; I, 20.61; O(available), 14.28 per cent. 


Science DepartrMent, Joint Services Wina, Received January 15, 1951 
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VARIATION OF ELECTRICAL CONDUCTANCE WITH TEMPERATURE 
OF AQUEOUS SODIUM OLEATE SOLUTION IN PRESENCE OF 
DIFFERENT ALCOHOLS AND SALT 


By A. N. Boss 


Variation of specific conductance with temperature of the system : sodium oleate- water—and 
different alcohols has been studied. Results have been explained on the basis of the structure that 
the alcohol molecules arrange themselves in the palisade layer of the micelle with the solubilizate 
oriented in approximately the same manner as is the soap molecule in the micelle. 


Electrical conductance of various aqueous soap solutions has been studied 
by several workers. But the electrical conductance of soap solutions in presence 
of different organic solvents has not much been studied. Recently Ward (/ 
Chem. Soc., 1939, 522), Grieger and Kraus ( 7. Amer. Chem. Soc., 1948, 70, 3803) 
and Rolston and Eggerberger (zdzd., 1948, 70, 983) have studied the effect of 
ethyl alcohol and methyl alcohol on the C. M. C. of long-chain compounds 
in aqueous solutions. In the present paper the effect of several alcohols on 
the concentrated soap solutions of sodium oleate has been studied at various 
temperatures, with a view to finding out if the size of the micelle changes 
with the temperature and also the effect caused by the alcohols on the 
charge of the micelle. The effect of sodium chloride on these systems has also 


been studied. 


EXPERIMENTAL 


Chemicals used were purified, as described in the previous paper 
(this Journal, 1952, 29, 43). 


Calibrated Leeds and Northrup drum-type bridge of 470 cm. length, 
tunable headphone and an audio oscillator with a tuning fork giving a constant 
frequency of 1000 cycles per second and which can be worked by a six volt 
battery, were used for measuring conductance. 


Variable air condenser was used for balancing the capacities and inductance 
in the various arms as well as in the resistance in the bridge to overcome 
electrode effect and to aid in producing a definite and easily determinable 
sound on the headphone. 


Cell was of the same type as used by Jones and Bickford (7. Amer. Chem. 
Soc., 1934, 56, 604). It was made of pyrex glass and had a cell constant 2421 
at 35°. As the cell constant does change appreciably with temperature, the 
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Variation of spectfic 


Cone. of NaCl. 


N/10 
N/80 


N/10 
N/80 


N/10 
N/80 


N/20 
N/80 


N/20 
N/40 


N/10 
N/80 


N/20 
NV/80 


N/20 
N/80 


N/20 
N/20 


Without 
NaCl 





30°. 


2.171 
1.582 


1.870 
1.404 


1.485 
1.114 


0.9845 
0.8840 


0.6431 
0.6381 


2.107 
1.419 


i) 


1,436 
1.242 


1.162 
1.040 


0.8900 


0.5688 
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TABLE I 


conductance with temp. \(sp. conductance x 10°). 


. 40° 45°. 
10% m-Propyl alcohol. 0.4N-Na oleate 

2.423 2.680 5 

1.808 2.001 2.212 
20% n-Propyl alcohol. 0.4N-Na oleate 

2.041 2.283 2.512 

1.589 1.761 1.959 
30% n-Propyl alcohol. 0.4N-Na cleate 

1.657 1.845 2.054 

1.262 1.395 1.574 
40%n-Propy!l alcohol. 0.4N-Na oleate. 

1.106 1.214 1.369 

0.9807 1.110 1.237 
5. %n-Propyl alcohol. 0.4N-Na oleate. 

0.7780 0.8790 0.9962 

0.7310 0.8130 0.9040 
10% isoPropyl alcohol. 0.4N-Na oleate 

2.288 2.580 2.850 

1.602 1.798 2.025 
20% isoPropyl alcohol. 0.4N-Na oleate 

1.642 1.856 2.072 

1.448 1.615 856 
30% isoPropyl alcohol. 0.4N-Na oleate. 

1.362 1.549 1.721 

1.190 1.336 515 
40% isuPropyl alcohol. 0.4.V-Na oleate. 

1.029 1.162 1.314 

0.935 1.077 1.207 

% isoPropyl alcohol. 0.4 V-Na oleate. 
0.6360 0.7332 0.8277 


3.227 


ccs 


2.400 


2.293 
1.733 


1.493 
1.363 


1,092 
1.005 


3.107 
2.212 








N/10 
N/80 


N/10 
N80 


N/10 
N/40 


N/40 
N/80 


NaCl 


N/40 


N/20 
N/80 


N/20 
N/80 


N/20 
N/40 





solution. 








Conc. of NaCl 


Without 


Without 
NaCl 
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25°. 


2.002 
1.460 


1.536 
1.184 


1.036 
0.8838 


0.5445 
0.4980 


0.1918 


0.2134 


1.751 
1,536 


0.8856 
0.8583 


to 


i) 


TABLE I (contd.) 


30°. og 40°. 


n-Butyl alcohol (10g.). 0.4N-Na oleate. 


2.202 2.457 2.704 
1.640 1.838 1,996 


n-Butyl alcohol (20g.). 0.4N-Na oleate. 


1.724 1.914 2.215 
1.328 1.480 1.652 


n-Butyl alcohol (30g.). 0.4N-Na oleate, 


1,180 1.311 1.436 
0.9687 1.058 1.197 


n-Butyl alcohol (40g.). 0.4N-Na oleate. 


0.6283 0.7000 0.7&00. 
0.5696 0.6391 07151 


n-Butyl alcohol (50g.). 0.4N-Na oleate. 


0.2375 0.2726 0.3084 


0.2438 0.2881 0.3254 


10% -Amyl alcohol. 0.4N-Na oleate. 
1,945 2.162 2.388 
1.720 1.898 2.051 

30% n-Amyl alcohol. 0.4N-Na oleate. 
1.060 1.164 1.304 
0.9843 1.105 1.2888 

40% n-Amyl alcohol. 0.4.V-Na oleate. 


0.6493 
0.5210 0.5930 0.6823 


50% mn-Amyl alcohol. 0.4N-Na oleate. 
0.2703 0.3228 0.3745 


45°. 


2.977 
2.244 


2.342 
1.811 


1,592 
1.316 


0.8561 
0.7923 


0.3466 


0.3637 


2.614 
2.221 


1.462 
1.431 


0.7400 
0.7860 


0.4277 


137 





0.8533 


0.4902 


In the case of m-butyl alcohol, 10,20,30,40 and 50 g. of alcohol has been dissolved in 
' 100 c.c. of solution, whereas in the other alcohols, c.c. of alcohol has been dissolved in 100c.c. of 
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above value has been used for calculating the specific conductance of solutions 
at other temperatures. Results obtained are given in Table I. 


Specific conductance has been determined at five different concentrations 
of alcohols and sodium chloride as well as at five different temperatures, but 
due to brevity of space results at only two concentrations are given. 


DISCUSSION 


From the results given in Table I, specific conductance has been plotted 
against temperature. (Due to lack of space only two representative graphs 
are given). 


Fic. | Fic. 2 
™ 
454 
T- PROPYL ALCOHOL (107,) | M- PROPYL ALCOHOL (4o}) 
44 Ls 
a Fay 
| > 
x “ 
x 
2 > 
3S 34 3s 
S 3 
> 3 
3 = 
- 3 
q 
24 
oe 


Sp. 




















Temp. Temp. 


From the graphs obtained by plotting the values given in Table I, it is 
observed that at lower concentrations of alcohols all the plots of u-¢ are straight 
lines but at higher concentrations the plots of u-¢ are concave-upward. Probably 
this difference in the behaviour is due to the fact that at lower dilutions of 
alcohol the number of alcohol molecules in the palisadel layer is not much, 
hence the size and the charge of the micelle do not change appreciably with 
temperature, and so the plots of w-/ are straight lines. Whereas in the case of 
higher concentrations of alcohols, the palisadel layers are saturated with alcohol 
molecules, so the change of temperature increases the size of the micelle and 
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as a result of which the charge diminishes, and hence the plot of w-/ is not 
a straight line. Addition of sodium chloride does not change the nature of the 
curves appreciably. This type of difference in the behaviour of different 
alcoholic concentrations has also been observed in the case of viscosity. 


In the case of solutions of #-butyl and -amyl alcohols it is observed 
that the curvature in the plots of u-¢ is not so marked as in the case of »-propyl 
and zsopropyl alcohols. Probably this is due to the fact that the hydration is 
more marked in these two latter systems. These hydrated molecules break 
with the rise in temperature and therefore this marked curvature is observed 
in these solutions. 


The author's thanks are due to Dr. A. C. Chatterji for helpful guidance 
and to the Scientific Research Grants Committee of U. P. Govt. for contingency 
grant for carrying out this work. 
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FRIEDEI, AND CRAFTS PROPIONYLATION, BENZOYLATION AND 
SUCCINOYLATION OF METHYL 8-RESORCYLATE 


By P. L. Trivedi AND SURESH SETHNA 


In continuation of ‘previous work (this Journal, 1951, 28, 245) methy! 8-resorcylate has been pro- 


pionylated, benzovlated and succinoyiated under the conditions of i‘riedel and Crafts reaction. In all 
the cases the 3-acyl compounds have been isolated in addition to the 5-acvl] compounds. The structures 
of the products have been established by hydrolysis and decarboxylation of the esters to 2-acyl- and 


4-acyl-resorcinols respectively. 

Tn an earlier paper (this Journal, 1951, 28, 245) it was reported that in the Friedel 
and Crafts acetylation of methyl 8-resorcylate, methyl] 2 : 4-dihydroxy-3-acetylbenzoate 
was formed in considerable quantity along with methyl 2 : 4-dihydroxy-5-acetylbenzoate. 
This work has now been extended and the Friedel and Crafts propionylation, benzoyla- 
tion and succinoylation of methyl 8-resorcylate have been carried out, with a view to 
isolating the 3-acyl derivative in each of these cases and determining the extent to 
which it is formed. The problem is of interest as it throws some light on the 


problem of substitution in the resorcinol nucleus, and particularly, because it would 


lead to a simpler synthesis of 2-acylresorcinols. 

Methyl §8-resorcylate has been propionylated using different proportions of 
alu ninium chloride and propionic anhydride. Both, methy! 2: 4-dihydroxy-3-propionyl- 
benzoate (‘I1], R=Et) and methyl 2: 4-dihydroxy-5-propionyibenzoate (T, R=Et) 
have been isolated. Their structures have been established by hydrolysis to the 
corresponding acids and subsequent decarboxyla:ion to the known 2-propionyl- and 
4-propionyl-resorcinol {Limaye and Siienolikar, Rasayanam, 1937, 1, 95; Goldzweig 
and Kaiser, J. prakt. Chem., 1891, ii, 48, 99 respectively The ester (II, R=Et! can 
be directiy converted into 2-propionylresorcinol by heating with aqueous aikali. 

It is found that asin the case of acetylation, the proportions of 3- and 5-propionyl 
isomers vary depending on the quantity of the propionic anhydride and aluminium 
chloride used. When the reaction was carried out with two moles of propionic anhydride 
and three moles of aluminium chloride, methyl 2 : 4-dihydroxy-3 : 5-dipropionylbenzoate 
was also formed. This was hydrolysed and decarboxylated to 2: 4-dipropionylresorci- 
nol, previously prepared by Rosenmund, Buchwald and Deligianis (Arch. Pharm., 1933, 
271, 342) by the Fries migration of resorcinol dipropionate. 

Desai and Radha (Proc. Ind. Acad. Sci., 1910, 12A, 46) studied the Friedel aud 
Crafts benzoylation, with benzoyl chloride and benzoic anhydride, of methyl 8-resorcylate 
and obtained methyl 2: 4-dihydroxy-5 benzoylbenzoate (I, R=Ph) in an _ unsatis- 
factory yield, with a small quantity of methyl-2 : 4-dihydroxy-3 : 5-dibenzoylbenzoate. 
It is now found that methyl 2: 4-dihydroxy-3-benzoylbenzoate (II, R=Ph) is also 
formed in the reaction in considerable amounts. ‘This has been isolated and its structure 
established by hydrolysis and decarboxylation to the known 2-b2nzoylresorcinol (Limaye, 


Ber., 1934, 67, 12), 
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Various aromatic hydrocarbons, phenols and phenolic ethers have been condensed 
with succinic avhydride in the presence of aluminium chloride (“Organic Reactions’, 
Vol. V, p. 220). Dalal and Nargund ‘J. Univ. Bombay, 1938, 7, 189) reported their 
failure to condense resorcinol with succinic anhydride. Desai and Shroff (ibid., 1941, 
10, 97) found it possible to succinoylate resorcinol and orcinol but not 
phloroglucinol, -napkhthol, methyl §8-resorcylate and resacetophenone, either with 
succinic anhydride or succinoy! chloride, in presence of either anhydrous aluminium 
chloride or zinc chloride. We have been able not only to condense succinic anhydride 
with methyl 8-resorcylate in presence of anhydrous aluminium chloride, but also to 
isolate both the possible isomers, viz., @-(2 : 4-dihydroxy-5-carbomethoxybenzoylj- 
propionic acid (I, R=CH,CH.COOH) and 8-(2 : 6-dihydroxy-3-carbomethoxybenzoyi)- 
propionic acid (II, R=CH.CH.COOH). The yields of the f-aroyl-propionic acids 
are, however, not satisfactory. The esters (1 and II, R=CH,CH.COOH) were hy- 
drolysed to the corresponding acids, and the acids, decarboxylated to the known 
B-(2 : 4-dihydroxybenzoyl)-propionic acid (Desai and Shroff, loc. cit.) and the unknown 
B-(2 : 6-dihydroxybenzoyl)-propionic acid respectively. The-latter was also obtained 
by Limaye’s method ‘loc. cit.) of synthesising 2-acylresorcinols, by the hydrolysis of 
7-hydroxy-4-methyl-8-(8-carboxypropionyl)-coumarin (III). Neither the 2: 4-dinitro- 
phenylhydrazone nor the oxime of the ester (II, R=CH,CH,COOH), 8-(2 : 6-dihydroxy- 
benzoyl)-propionic acid and the 8-acyleoumarin (IIT) could be obtained. 


COCH.CH.CO.H 





COR 
© 
os I Ht iho Hi 7 Nex ) 
. 3 CO.Me } h~al, 
C.Me 
(i) (I] II] 


EXPERIMENTAI 
Propionylation of Methyl 8-Resorcvlat 


Methyl! 2: 4-Dihydroxy-5-propionylbenzoate and Methyl 2: 4-Dihydroxy-3-propionyl- 
benzoate: (i) Reaction with one moje of Propionic Anhydride and two moles of 
Aluminium Chloride.—Methyl 8-resorcylate (8.4 y., 1 mol.) and propionic anhydride 
‘6.5 g., 1 mol.) were dissolved in nitrobenzene ‘20 c.c.) ani anhydrous aluminium 
chloride (13-4 g., 2 mols.) in nitrobenzene (So c.c.) added gradually with constant 
shaking. The reaction mixture was heated on a steam-bath for 4 hours. After 
cooling, ice-cold dilute hydrochloric acid was added and the reaction mixture 
subjected to steam distillation. After the nitrobenzene had distilled over completely the 
distillation was continued further and the solid prodact which had steam distilled 
was collected. This was mixed with the product obtained from the alkaline extraction 
of the distilled nitrobenzene and dried (total yield, 2.8 g., m. p. range 50°-60°). 
The dried product was thoroughly powdered and shaken with cold petroleum ether (30 
c.c., b. range 40°-60°) and filtered. The insoluble portion was crystallised from alcohol 
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in stout needles, m.p. y2-94°, yield 1.2 g. This was found to be methyl 2 : 4-dihydroxy-5- 
propionylbenzoate. (Found: C, 58.7; H, 5.5. C:,Hi.0; requires C, 58.9; H, 5.4 


per cent). 
The 2 : 4-dinitrophenylhydrazone was prepared as usual and crystallised from 
glacial acetic acid in tiny orange crystals, m.p. 288-90° ‘decomp.'. {Found : N, 14.4. 


C,7H,;O,N, requires N, 13.9 per cent). 

The product obtained on removal of petroleum ether was crystallised from alcohol 
in long wooly needles (v.6 g.), m.p. 73-75°. This was found to be methyl 2 : 4-dihy- 
droxy-3-propionylbenzoate. ‘Found: 53.4; H, 4.9. C,,H).0; requires C, 53.9; 
H, 5.4 per cent). 

The 2 : 4-dinitrophenylhydrazone, prepared as usual, was crystallised from glacial 
acetic acid in tiny yellow needies, m.p. 222-25°. (Found: N, 13.8. C,,H,,O.N, 
requires N, 13.9 per cent). 

The pasty residue remaining in the flask after steam distillation could not be worked 
up further and was rejected. 

(ia) Reaction with one mole of Propionic Anhydride and three moles of Aluminium 
Chloride.—The above experiment was carried out with aluminium chloride (20.2 g., 
3 mols.) and the product obtained on steam distillation (5 g., m. range 65°-Su°) was 
treated as above with petroleum ether; 2.9 g. of the 5-propionyl compound and o.5 g. 
of the 3-propionyl compound were obtained. ‘The small amount of the residue in the 
flask was pasty and could not be worked up further. 

(iii) Reaction with two moles of Propionic Anhydride and three moles of Aluminium 
Chloride.—The reaction was catried out as before but with methyl 8-resorcylate ‘8.4 g.), 
propionic anhydride (13 g.) and aluminium chloride (20.2 g.). The steam distilled 
product (1.3 g., m. range 60°-68*' on repeated crystallisation from aicohol gave o.8 g, 
of the 3-propionyl compound, m.p. 73-74°. The 5-propiony! compound could not be 
isolated in the pure state. The residue in the flask gave from alcohol small needles 
(4.2 g.), m.p. 72-73°. Mixed m.p. with the 3-propionyl compound was depressed by 
over 20°. This was methyl 2: 4-dihydroxy-3 : 5-dipropionylbenzoate. (Found: C, 
59.90; H, 5.6. C,,H,oO¢ requires C, 60.6; H, 5.7 per cent). 

The 2: 4-dinitrophenylhydrazone, prepared as usual, was crystallised from glacial 
acetic acid in tiny orange needles, m.p. 203°-204°. (Found : N, 12.4. CooH,,O,N, 
requires 12.2 per cent). 

2: 4-Dihydroxy-3-propionylbenzoic Acid.— The ester (1 g.) was dissolved in sodium 
hydroxide (10%, 20 c.c.) and kept overnight. The product obtained on acidification 
was treated with sodium bicarbonate solution tc separate the acid from the unhydrolysed 
and decarboxylated products, if any. The _bicarbonate solution was acidified and the 
product obtained was crystallised from alcohol in tiny needles (0.5 g.), m.p. 180-S2° 
(efferv.). ‘Found : C, 56.8; H, 4.5- CioH.O; requires C, 57.1 ; H, 4.8 per cent?. 

Simultaneous Hydrolysis and Decarboxylaiion of Methyl 2: 4-Dihydroxy-3-pro- 
pionylbenzoate to 2-Propionylresorcinoi.--The ester (1 g.) was dissolved in sodium 
hydroxide solution (10%, 20 c.c.) and heated in a steam-bath for 3 hours. It was 
then avidified and the yellow mass separating was treated with sodium bicarbonate 


solution to remove undecarboxylated acid, if any. ‘This was found to be negligible. ‘The 
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bicarbonate-insoluble portion was crystallised from dilute alcohol in tiny yeliow needles 
(o.5 g-), m.p. 135-36°. Mixed m.p. with an authentic specimen prepared according to 
Limaye and Shenolikar (loc. cit.) was not depressed. 

2:4-Dihydroxy-3-propionylbenzoic_ acid could be similarly decarboxylated to 2-pro- 
pionylresorcinol. 

2:4-Dihydroxy-5-propionylbenzoic Acid.—The ester (1 g.) in sodium hydroxide solu- 
tion (10%, 20 c.c.} was kept overnight. ‘The product obtained on acidification was found 
to be completely soluble in sodium bicarbonate solution and so was crystallised directly 
from dilute alcohol in tiny needles, m.p. 232-34° (efferv.). (Found: C, 56.5; H, 5.2. 
CoH Os requires C, 57.1 ; H, 4.8 per cent). 

The acid was decarboxylated by heating it (1 g.) in dry quinoline ‘10 c.c.) with 
copper powder ‘0.5 g.) at 240° for one hour. ‘The solution was filtered and dilute hydro- 
chloric acid added. ‘The acidic solution was extracted with ether. The ether extract 
gave an orange coloured mass which on crystallisation from dilute alcohol gave yellowish 
needles, m.p. 96-98°. Mixed m.p. with an authentic specimen of respropiophenone, 
prepared according to Brewster and Harris (J. Amer. Chem. Soc., 1930, 52, 4868), was 
not depressed. . 

2:4-Dihydroxy-3:5-dipropionylbenzoic Acid.—Methyl 2:4-dihydroxy-3:5-dipropionyl- 
benzoate (1 g.) was hydrolysed by keeping with cold sodium hydroxide solution (5%, 20 
c.c.) overnight. The acid obtained was crystallised from dilute alcohol in tiny needles 
(0.65 g.), m.p. 159-61°. (Found: C, 58.2; H, 49. CisHiOc requires C, 58.6; H, 5.3 
per cent). 

The acid was decarboxylated to 2:4-dipropionylresorcinol, m.p. 83-84°, by heating 
with quinoline and copper powder. ‘Found: C, 64.7; H, 5.9. Calc. for C,,H,,O,: C, 
64.8 ; H, 6.3 per cent). Rosenmund et al. (loc. cit.) give m.p. 78-79°. 

Benzoylation of Methyl B-Resorcylate 

Methyl 2:4-Dihydroxy-3-benzoylbenzoate.—Methyl (-resorcylate (8.4 g., 1 mol.; 
and benzoic anhydride ‘11.3 g., 1 mol.) were dissolved in dry nitrobenzene (30 c.c.) 
and the solution added gradually to anhydrous aiuminium chloride (13.4 g., 2 mols.) 
dissolved in nitrobenzene (60 ¢.c.'.. The reaction mixture was then heated in an oil- 
bath at 110°-120° for 4 hours. The reaction mixture was worked up as usual. No 
product steam distilled. The supernatant liquid was freed from the pasty residue 
by decantation while hot to remove soluble products like benzoic acid and methyl 8-re- 
sorcy late. 

The pasty residue in the flask was then washed with water and treated with 
sodium bicarbonate solution to remove any benzoic acid left. The mass was dried 
in vacuum and extracted with cold petroleum ether (250 c.c.). The insoluble portion 
was washed with cold alcohol (20 ¢.c.} when a yellowish white product remained. This 
was further treated with benzene (5 c.c.) and filtered. The residue on crystallisation from 
alcohol gave prisms (0.6 g.), mp. 155-57°. This was methyl 2:4-dihydroxy-3-benzoyl- 
benzoate. ‘lfound: C, 65.8; H, 4.0. C,,H,.O; requires C, 66.2; H, 4.4 per cent). 

The 2:4-diniirophenylhydrazone, prepared as usual, was crystallised from glacia! 
acetic acid in tiny orange-yellow needles, m.p. 248-50°. (Found: N, 12.8. C.,H,,O,;N, 
requires N, 12.4 per cent), 
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The: petroleum ether solution afforded on removal of the solvent a product which on 
crystallisation from absolute alcohol gave flaky needles (0.6 g.), m.p. 132-33". This 
was methyl 2:4-dihydroxy-5-benzoylbenzoate. Desai and Radha (loc. cit.) give m.p. 
129-31°. 

2:4-Dihydroxy-3-benzoy!benzoic Acid.— Methyl 2:4-diliydroxy-3-benzoylbenzoate 
1g.) was hydrolysed by keeping with cold sodium hydroxide solution ‘10%, 15 ¢.c.) 
overnight. The acid was crystallised from diiute alcohol in tiny needles [0.6 g ), 
m.p. 198-99°. ‘Found: C, 64.8; H, 3.9. C,,H,.O; requires C, 65.13 H, 3.9 per cent). 

Simultaneous Hydrolysis and Decarbox ylation of Methyl 2:4-Dihydroxy-3-benzoyl- 
benzoate to 2-Benzoylresorcinol.—The ester ‘1 g.} was dissolved in sodium hydroxide 
solution (10%, 15 ¢.c.) and heated in a steam-bath for 3 hours. Ihe brownish yellow 
mass which separated on acidification was washed with sodium bicarbonate solution and 
then crystallised from dilute alcohol in tiny yellow needles (0.55 g.), m.p. 133-34 
Mixed m.p. with an authentic specimen of 2-benzoylresorcinol (kindly supplied by Dr. 
N. M. Shah) was not depressed. 2:4-Dihydroxy-3-benzoyibenzoic acid can be similarly 
decarboxylated to 2-benzoylresorcinol. 


Succinoylation of Methyl B-Resorcylat¢ 


B-(2:4-Dihydroxy-5-carbomethoxybenzoyl)-propionic Acid and {-(2:6-Dihydroxy-3- 
carbomethoxybenzoyl)-propionic Acid.—Methyl §8-resorcylate (8.4 g., 1 mol.) and 
succinic anhydride {5 g., 1 mol.} were dissolved in dry nitrobenzene {30 c.c.,) 
and the solution added gradually to anhydrous aluminium chloride (13.4 g.,, 
2 mols.} dissolved in nitrobenzene (60 c.c.}. The reaction mixture was heated 
in an oil-bath at 120°-130° for 4 hours, and worked up as usual. No product 
was obtained in steam distillation. The light brown residue in the flask which 
separated on cooling was treated with 10% sodium bicarbonate solution and filtered. 
The portion insoluble in sodium bicarbonate was found to be methyi 8-resorcylate 
(2 z.). The sodium bicarbonate solution was acidified when buff-coloured product 
(2 g.,m. range 150°-175°' was obtained. ‘This was powdered and shaken with cold 
rectified spirit ‘60 c.c.) and kept overnight. The portion insoluble in cold rectified spirit 
was crystallised from alcohol in stout needles (0.6 g.), m.p. 201-202°. This was (- 
(2:4-dihydroxy-5-carbomethoxybenzoyl'-propionic acid. (Found: C, 53.6; H, 4.2. 
C,,.H,.0; requires C, 53-7; H, 4.4 per cent). 

The oxime, prepared as usual by refluxing with hydroxylamine hydrochloride and 
sodium acetate for 4 hours, was crystallised from alcohol in needles, m.p. 193-95°. 
‘Found : N, 4.6. Ci2H,;0;N requires N, 4.9 per cent). 

The product obtained on removal of rectified spirit was crystallised from alcohol 
(ro c.c.) in tiny needles (0.2 g.), m.p. 192-93°. This was 8-(2: 6-dihydroxy-3-carbo- 
methoxybenzoyl!-propionic acid. (Found: C, 54.1; H, 4.5. Ci2Hi2O; requires C, 
53.7; H, 4.4 percent;. Mixed m.p. with 8-(2:4-dihydroxy-5-carbomethoxybenzoy])- 
propionic acid was depressed by over an”. 

B-(2:4-Dihydroxy-5-carboxybenzoyl)-propionic Acid.—The ester (1 g.) was hydro- 
lysed by keeping overnight with cold sodium hydroxide (10%, 15 ¢.c.). ‘The product 














146 P. L. TRIVEDI AND S. SETHNA 


obtained on acidification was crystallised from dilute alcohol in tiny needles (0.5 g.), 
m.p. 255° ‘efferv.). (Found: C, 51.8; H, 3.7. Cy,:HioO, requires C, 51.9 ; H, 3.9 
per cent). 


The acid (1 g.) was decarboxylated to §-(2:4-dihydroxybenzoyi)-propionic avid 
(o.4 g.) by heating with quinoline (10 c.c.; and copper powder (0.5 g.} at 210°-220° for 
an hour, m.p. 193-200°. Mixed m.p. with an authentic specimen of 8-(2:4-dihydroxy- 
benzoyl)-propionic acid, prepared according to Desai and Shroff (loc. cit.), was not 
depressed. 

B-(2:6-Dihydroxy-3-carboxybenzoyl)-propionic Acid.—'The ester (1 g.) was hydro- 
lysed by keeping overnight witi: cold scdium hydroxide solution (10%, 15 ¢.c.). The 
product obtained on acidification was crystallised from dilute alcohol in tiny needles 
0.4 g-), m.p. 227-28° ‘efferv.). (Found: C, 52.0; *H, 4.1. Ci,Hj0O, requires C, 51.9 ; 
H, 3.9 per cent). 

Simultaneous Hydrolysis and Decarboxylation of 8-\2:6-Dihydroxy-3-carbomethoxy- 
benzoyl)-propionic Acid t» B-(2:6-Dihydroxybenzoyl)-propionic Acid.—The ester ‘1 g.) 
was heated with sodium hydroxide solution (10%, 15 c.c.) in a steam-bath for 2 hours. 
The product obtained on acidification was crystallised from hot water in long needles 
0.4 g.), m.p. 198-99°. Mixed m.p. with §-(2:4-dihydroxybenzoyl)-propionic acid was 
lowered by 20°. Mixed m.p. with §-(2:6-dihydroxybenzoy])-propionic acid, prepared 
(see below) according to Limaye’s method (loc. cit.) of prepariug 2-acylresorcinols was not 
Gepressed. ‘Found : C, 56.8; H, 5.0. Cale. for C,oH,,O; : C, 57.1 ; H, 4.8 per cent) 

Succinoylation of 7-Hydroxy-4-methylcoumarin : 7-Hydroxy-4-methyl-8 (B-carboxy- 
propionyl)-coumarin.—An intimate mixture of 7-hydroxy-4-methylcoumarin ‘8.8 g., 
1 mol.}, succinic anhydride (6.2 g., 1.2 mols.; and anhydrous aluminium chloride 
‘33 g-, § mols.) was heated in an oil-bath for 2 hours at 130°-140° and for further 2 hours 
at 170°-180°. The reaction mixture was treated with ice-cold dilute hydrochloric acid. 
The product obtained was filtered and treated with 15% sodium bicarbonate solution 
and the soluble portion filtered off. The bicarbonate solution on acidification gave 

a light brown coloured mass which was crystaliised from alcohol in tiny prisms (0.5 g.), 
m.p. 219-21°. (Found: C, 60.7; H, 4.5. CisHi.0O, requires C, 60.9; H, 4.4 per 
cent). 

Hydrolysis of the above Coumarin : 8-(2:6-Dihydroxybenzoyl}-propionic Acid.— 
The coumarin (1 g.) was dissolved in sodium hydroxide solution (20%, 15 c.c.) and re- 
fluxed for 6 hours. ‘The solution was then acidified when light green tiny crystals sepa- 
rated which on recrystallisation from hot water gave long needles (0.4 g.), m.p. 198-99°. 

Further work is progress. 

The authors’ grateful thanks arc due to Dr. R.C. Shah for his kind interest in the 
work, 
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ELECTROCHEMISTRY OF FLUORIDE SOLUTIONS. PART III. ELECTRO- 
DEPOSITION OF ZINC FROM FLUORIDE SOLUTIONS 


By Eracnw R. TALAty 


An electrochemical study of acid zinc fluoride solutions has been made. The decomposition, 
cathode and anode discharge potentials on polished platinum electrodes have been determined 
at 30°. It is found that the cathode potential curve has two breaks, which correspond to two 
similar breaks in the current-voltage curve, whereas the anode potential curve has only one break. 
The first break has been shown to be due to deposition of copper, present in traces as impurity in the 
hydrofluoric acid used, and the second one due t) deposition of zinc. From the cathode potential at 
the latter break, it is inferred that zinc is deposited by the reduction of a complex anion, rather than 
by the direct discharge of zinc ions at the cathode. 

The nature of zinc deposits on polished platinam and iron cathodes has been studied. Without 
any addition agents, the deposits on iron are adherent, but are dark and porous. The cathode and 
anode current efficiencies are fairly high—about 90%. 

The addition of ammonium carbonate to the electrolyte renders the deposits lighter in colour and 
more dense, but these are still very porous 

Good deposits are produced only with the aid of certain addition agents. Thiourea yields smooth, 
white and non-porous deposits. Gelatine gives very fine-grained and mirror-bright but somewhat porous 
deposits. A combination of glucose and ammonium carbonate produces a white and lustrous, though 
coarse-grained deposit. Glucose alone does not give equally satisfactory results. Additions of sodium 
alizarin sulphonate and naphthalene 8-sulphonic acid cause the dep»sits to deteriorate. 

From this study it is concluded that although the maximum permissible current density in the 
case of fluoride baths is not high, the deposits obtained from baths containing thiourea compare favour- 
ably with the best ones from acid sulphate baths. In point of lustre, the mirror-bright coats from 
fluoride baths containing gelatine are far superior. 


The extraction of zinc by the electrolysis of fused zinc fluoride, reported by Gallo 
(Gazzetta, 1913, 48, 361), anda patent taken by van Winkle (U.S. Pat. No. 901758, rov9) 
for the use of zinc fluoride mixed with ammonium carbonate in aqueous solution as an 
electrolyte are the only references traceable in the literature in connection with the direct 
use of zinc fluoride for electrodeposition of the metai. The beneficial effects of the addi- 
tion of ammonium and sodiuin fluorides to fluosilicate and cyanide baths, respectively for 
zinc-plating, has, however, been recorded in a number of investigations (Kern, U. S. Pat. 
No. 967200, 1910; Werlund, Trans. Amer. Electrochem. Soc., 1921, 40, 346; Chem. 
Met. Eng., 1921, 25, 690; Calef, Monthly Rev. Amer. Electropiaters’ Soc., 1935, 22, 
No. 7, 36; Diggin, ibid., 1943, 30, 2490; Mason, U.S. Pat. No. 2136629, ro3y). The 
present work was undertaken with the object of investigating the possibility of using 
aqueous fluoride solutions for the electrodeposition of zinc. A detailed study of the 
electrolysis of acid zinc fluoride solutions has been made and data obtained on (a) de- 
composition potentials, (b) cathode and anode discharge potentials on polished platinum 
electrodes and (c) electrodeposition of zinc under a variety of conditions. 


ExPERIMENTAL 


The experimental arrangement was similar to that described in Part I of this series 
(this Journal, 1951, 28, 413). For the measurement of potentials, thick platinum foils, 
2cm,X1.5 cm., were used as electrodes, 
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Preparation and Analysis of the Electrolyte.—Zinc fluoride solution was prepared 
by adding pure zinc carbonate to a standard solution of Merck’s hydrofluoric acid until 
a white precipitate just formed. ‘The precipitate was filtered off and the clear filtrate was 
preserved as the stock solution for the experiments. 

With a view to ascertaining utility of the usual volumetric method of estimating 
zinc by means of potassium ferrocyanide for fluoride solutions, a few triais were made 
with mixtures prepared by adding varying amounts of hydrofluoric acid to a definite 
volume of a standard zinc solution. The results are shown in Table I. 


TABLE I 
No. Conc. in the mixture Ratio (HF:Zn). Error in estima- 
(g. mol. /litre) ting zinc. 
Zn. HF. 

I 0.1651 0.3823 2.32 Nil 

2 0.1514 0.7038 4-63 0.49 % 

3 0.1203 1.4202 11.81 4-95 

4 0.0917 2.0813 22.70 8.91 


These results show that as the ratio of the concentration of hydrofluoric acid to that 
of zine increases, the error in estimating zinc also increases. ‘This is due to the fact that 
a blue colour is produced with uranyl acetate towards completion of the titration and, 
consequently, more of the ferrocyanide is required than usual before the familiar 
reddish brown coloration is obtained. In the case of mixture ‘{2), however, the error 
does not excced 0.5%. Since this was a reasonable degree of accuracy for the present 
investigation and because most of the zinc fluoride solutions prepared did not contain a 
greater proportion of hydroflvoric acid than the above-mentioned mixture, the zinc 
content of the electrolytes was estimated by titration against a standard solution of 
potassium ferrocyanide. 

The amount of hydrofluoric acid remaining unneutralised was calculated from the 
difference between the initidl concentration of the acid and the zinc content of the 
solution after the addition of zinc carbonate. 

Micro-photographs of the Electrodeposits.—Micro-photographs of surfaces of 
deposits, obtained on iron cathodes, were taken using oblique illumination, as this was 
the only arrangement possible in this laboratory. 

Porosity Tests of the Deposits.—The zinc deposits on iron cathodes were tested for 
porosity by immersion in 8% sodium hydroxide solution, heated to 1007 (Walker, 
Proc. Amer. Soc. Test. Mat., 1900, 9, 430). Liberation of hydrogen indicated porosity. 


Decomposition and Discharge Potentials 


Typical current-potential curves, drawn from data obtained at 30°, are shown 
in Fig. 1. The curves were actual'y drawn through a large number of points, but just 
a few have been marked in the figure. It is found that the current-cathode potential 
curve has two distinct breaks, each of which varies slightly with concentration. ‘The 
current-voltage curve also has two corresponding breaks. ‘The current-anode poten- 


tial curve, however, has only one break, corresponding to the first break in the other 
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two curves. From this it is evident that the occurrence of two breaks in the cathode 
discharge potential and in the decomposition potential curves is due to two different 
cathodic processes. 
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sition potential, cathode potentia! and 
anode potentia! curves. 


In II and III potentials are given with res- 
pect to hydrogen as zero. 
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The potentials for each of the breaks are recorded in Table II. For calculating the 
discharge poteutials, the potential of the saturated KCl-calomel reference electrode at 


30° has been taken as +0.2384 volt (with respect to hydrogen electrode as zero). 


TaBie II 
‘Temperature = 30°. 
Applied potential Discharge potentials. 
No Solution First Second Cathode. Anode. 
composition. break. break. atresitann aaa 
First Second 
break. break. 
I. 0.4741 M-ZnF,+- 1.64 2.18 +0.11 —0.21 1.76 
2 2798M-HF 
2 0.2371M-ZnI*9+ 1.65 214 +0.07 —0.25 1.72 
1.1399M-HF 


The occurrence of two breaks in the current-cathode potential curves is unexpected 
and requires elucidation, especially in view of the fact that in both the solutions examined, 
the potential corresponding to the first break is positive with respect to hydrogen and 
zinc is not ordinarily expected to be deposited at this potential. A careful examination 
of the cathodic reaction at this potential (and at the corresponding low amperage of about 
100-150 microamps.) revealed that a very thin deposit, which changed in colour from dull 
red to blue and purple with the progress of electrolysis, was formed during the first 24 
hours. ‘he deposit dissolved in concentrated hydrochloric acid after prolonged boiling. 
The quantity of deposit, however, was so small that only spot tes!s could be applied for 
examining the contents of its solugion. No trace of zinc could be detected. Rubeanic 
acid and ammonium mercuri-thiocyanate tests proved the deposit to be of copper. On 
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continuing the electrolysis at the same potential for about 120 hours, it was possible to 
eliminate copper completely from the electrolyte and the amount of metal, thus deposited 
from 175 c.c. of the solution (1) (Table IJ), was found to be only 0.004 g. The source of 
this impurity was then traced to the hydrofluoric acid (Merck’s concentrated hydrofluoric 
acid) used in the investigation. No attempt was made in later experiments to purify 
the acid, as this quantity of copper in the solution was far too insignificant to affect the 
nature of zinc deposits. The different colours of the deposit of copper observed in the 
above experiments are clearly attributable to the thinness of the films on the platinum 
surface. 

Metailic zinc was not found to bz deposited until a potential equal to that corres- 
ponding to the second break was applied. The potentials at which zinc deposition 
actually occurs in the two solutions (-o.21 and -o0.25 volt) are both very much higher 
than what should be expected in solutions of simple zinc salts at these concentrations 
(normal electrode potential of zinc=-0.76 volt). Such anomalies in regard to discharge 
potentials are observable in cases where the metal exists as complex anions in solution 
and the deposition of the metal is the result of secondary reactions at the cathode. 
Results similar to the ones noted above have been, in fact, reported in the electrodeposi- 
tion of cobalt (Brdicka, Coil. Czechoslov. Chem. Commun., 1930, 2, 489) and nickel 
(Pavlik, ibid., 1931, 3, 223) from concentrated chloride solutions in which the metals 
are known to form complex anions. In the case under examination, zinc fluoride, 
by itself, is very slightly soluble in water, and solutions of the concentrations prepared 
could be obtained only by the addition of hydrofluoric acid in sufficiently large amounts. 
It appears therefore highly probable that the increased solubility of zinc fluoride is 
due to the formation of a complex anion, and consequently, the deposition of the metal 
on the cathode takes place not by the primary discharge of zinc ions but rather by 
the reduction of complex anions. Further, the equilibrium potential of a zinc plate 
‘formed electrolytically on a platinum electrode), immersed in either of the solutions 
‘Table 11), was found to have the same value as the discharge potential in the particular 
solution. 

It is thus obvious that the first break in the cathode potential curve is due to the 
discharge of copper present in traces as an impurity in the solutions. The breaks at 
later stages, both in the cathode discharge potential and decomposition potential curves 
therefore give the relevant metal discharge and decomposition potentials respectively. 


Electrodeposition of Zinc 


All the deposits were first obtained on polished platinum cathodes, 2.7 cm. x 1.85 
cm. Later on, iron plates of the same area, cut from box-strappings and cleaned by 
dipping in hydrochloric acid, rinsing and scratch-brushing, were used for studying the 
nature of deposits from solutions which yielded encouraging results with platinum 
cathodes. ‘The anode employed for the experiments was a rod of pure zinc, 0.7 cm. in 
diameter, and the eletrodes were kept 4 cm. apart. 

In all cases, the electrolyte was agitated and the deposits obtained at room tempera- 
ture (30°-32°) over a period of at least thirty minutes. 
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It may be recorded here that in a large number of cases, when the zinc deposits 
were dissolved out by hydrochloric acid, the original platinum electrodes were observed 
to have lost their reflective power and to have become somewhat rugged, particularly 
iu experiments where thick layers of zinc had been deposited. ‘This appears to be due 
to a tendency of the electrodeposited zinc to diffuse, perhaps rapidly, into metallic 
platinum. Similar observations have been made by others in the removal of electro- 
deposited zinc from platinum surfaces and alloy formation has been said to be the 
cause (Mellor, ‘‘A Comprehensive Treatise on Inorganic and Theoretical Chemistry’’, 
Vol. 16, p. 206). 

The nature of the deposits from the acid zinc fluoride solutions at various con- 
centrations are described in ‘lable Il]. Except when otherwise mentioned, polished 
platinum cathodes were used for the experiments given in this and the following tables 


Tasie II 
No. Soln. com- Cathodic Applied Cathode current Nature of the deposit. 
position. <2 voltage. efficiency. 
1. 0.2473M-ZnFy+ 1.0 amp./dm?._ 1.2 87.56% The deposit is smooth and matty during 
0.9971M-HF the initial stages of electrolysis; later on, 


it becomes dark and loose. Throwing power 
of the soluticn is fairly good. 


2. Do 2.0 2.3 93-58 Lighter in colour, but slight ‘treeing’’ at 
the edges. Throwing power is better than 
(1). 


2(a) Do 2.0 1.8 88.61 Deposit on an iron cathode is greyish white 
and very adherent, but it is pitted, coarse- 
grained, porous and slightly “‘treed’’ at the 
edges (Plate A). 


3 Do 3-0 3.2 95-74 Grevish white, ductile deposit on ‘‘striking’’ 
the current. It becomes ‘‘treed’’ on pass- 
ing the current for a longer time. 


3fa). Do 30 2.0 _ Deposit on an iron cathode is similar to 
(3), except that it is very pitted. 


4: 0.3987M-ZnF3+ 2.0 1.5 95-04 Much ‘‘treeing’’ at the edges; otherwise, 
1.8501M-HF same as that from the weaker solution (2) 
‘. 0.5576M-ZnF3+ 3.0 2.5 89.17 Dark, rough and “‘treed"’ at edges. 
3.0898M-HF 
6. Do 2.0 1.2 84.39 Lighter in colour than (5), but still pitted. 
**Treeing”™’ is less than (5). 
6(a). Do = 2.0 90.0 The deposit on an iron cathode is of the 
type as (6) ; but the current has to be 
“struck"’ at roamp. persq. dm. as other- 


wise, gas evolution on immetsing the iron 
plate prevents the formation of an adherent 
deposit. 
In all these experiments, the anode corrosion was good and the efficiency at the 
anode found to be equal to that at the cathode. 
The effect of diminishing the concentration of hydrofluoric acid and simuitaneously 
introducing ammonium fluoride into the solution by the addition of ammonium carbo- 


nate was then studied. The results are shown in Table 1V. 
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TABLE IV 


Original solution = 0.2473M-ZnF,+ 0.9071M-HF. Current density = 2 amp./dm’. 


No. Concentration Applied Cathode current Nature cf the deposit. 
(g. mol./litre). voltage. efficiency. 
HF NH,F. 
1. 0.6393 © 2678 2.0 95.92% Whiter, brighter and less pitted than that 


withcut the addition of ammonium carbonate 
(No 2, Table ITl). ‘‘Treeing’’ at the edges, 
practically absent. Throwing power of the 
solution is good. 

2. 0.4365 0.4706 >.4 07.97 Uniform, ductile and fairly bright deposit. No 
“treeing’’ at the edges. Anode corrosion is 
peor and a white crust is formed. 


2'a). - om 1.8 -- Deposit on iron is darker and rougher than (2), 
and slightly “‘treed’’ at the edges. 

3 0.1503 0.7568 2.8 97-09 Whiter, brighter and smoother than (2). 

4. Nil 0.9071 8.0 96.81 Dark, rough and dull deposit. Considerable 


“‘treeing’’ at the edges. The anode corrosion 
is very poor and the resistance to the current 
increases with progress of electrolysis. 


Effect of Addition Agents 


With a view to ascertaining the effect of addition agents on the nature of the 
electrodeposits, the following substances were tried: (1) glucose, ‘{2) glucose in 
conjunction with ammonium carbonate, (3) gelatine, (4) a combination of gelatine 
and ammonium carbonate, (5) thiourea, (6) sodium alizarin sulphonate, (7) naphtha- 
iene B-sulphonic acid. 

The results are summarised below. 


TABLE V 
Glucose. 


Original solution = 0.5576M-ZnF,+3.0898M-HF. Current density = 2 amp./dm’. 


No. Glucose. Applied Cathode Nature of the deposit. 
(g./litre). voltage. efficiency. 
- 4 5674 2.0 92.68% Whiter, smoother and more lustrous than that 


without the addition of glucose (cf. No 6, Table ITI). 
It is also much less “‘treed”’ at the edges ; but it is 
still pitted. Throwing power of the solution is poor. 


2. 10.2874 1.0 92.37 Slightly less pitted than (1) No other change . 

3 25.3895 1.5 94.54 Ductile, less pitted and more lustrous than (2) 
“Treeing”’ at edges, very slight 

4. 42.5863 1.4 94.41 “*Treeing’’ entirely absent. Lustre and throwing 

° power, somewhat better 

5 €8.6337 15 83 45 More lustrous and slightly less pitted than [4 
No other marked change. 

5 (a) sa 1.2 75-0 On an iron cathode, the deposit is grey, sm_oth and 


matty; but it is porous and fairly coarse-grained. 
Throwing power cf the solution is poor. 


In all these cases, the anode corrosion was fairly good. ‘The anode current effi- 
ciency was measured in a few cases and found to be nearly 150%. 













































ELECTROCHEMISTRY OF FLUORIDE SOLUTIONS 





TaBLE VI 


Glucose +ammonium carbonate. 
Current density = 2 amp./dm’. 


No Solution composition. Applied Current Nature of the deposit 
voltage efficiency 





ZnFy. HF. NH,F. Glucose. 


(g. mol / litre). (g./litre). 

2 © 4677 2.5 0.66 68 6337 12 91.05 % The deposit is smoother than (5), 
Table V, but is less Iustrous and 
somewhat pitted. Anode efficiency 
gI 05%. 

0.2335 1.1067 0.4733 34-3199 1.4 89.04 Uniform, smooth and lustrous, but 
slightly ‘‘treed’’ at the edges. Thro- 
wing power is fairly good. Anode 
efficiency = 56%, although the corro- 
sion is good. 

2a). ” ” ” - 1.9 77 On an iron cathode, the deposit is 
white, Iustrous, fairly ductile and 
almost free from pores; but it is 
somewhat coarse-grained and slightly 
“treed’’ at the edges (Plate B). 
Throwing power is poor. 

3. - ” - 48.8526 14 79.14 Lustre diminishes and “‘treeing’’ in- 
creases. Anode corro-ion is poor 

Gelatine.—A 0.5% solution of gelatine was prepared by digesting the substance at 
70° with water and cooling. It was then added to a solution containing 0.3987M 

ZnF, and 1.8501M-HF with the following results ‘Table VII}. 





TABLE VII 


Current density=2 amp./dm’* for expts.(1-3); for the rest, 3 amp./dm . 


v 


No. Gelatine. Applied Current Nature of the deposit. 
(g./litre) voltage. efficiency. 
I. 0.0256 2.4 04.97% Ductile, uniform and smooth, but darker than that 


without the addition of gelatine (cf. No. 4, Table 
III). ‘*Treeing’’ is very slight. Throwing power im- 


proves. Anode corrosion, good. Anode efficiency = 
124.8%. 

2 0.0518 1.5 94.45 Lighter in colour, but rougher than (1) 

2(a). = 1.3 93-69 On an iron cathode, the deposit is brighter than (2). 

3 "0.0777 1.8 93.96 Very smooth, uniform and free from ‘‘trees’’ Thro- 
wing power is good. 

4 0.1030 2.5 95-28 Same as (3). 

a up to 2.8 93-11 Deposit gradually becomes mirror-bright ; but the thro- 

0.5709 . wing power is pot as good as in (3). 

5(a). 0.5709 ».2 89.23 On an iron cathode, the deposit is as bright as.in (5) 
and is also smooth and very fine-grained (Plate C) 
Although it appears equally good even at high magni- 
fications (Plate C’), it is found to be porous 

6 0.7124 3-4 Lustre slightly less than (5). Throwing power is very 
poor. 

6(a) a 4.2 87.0 Deposit on an iron cathode is as bright as (6), but is 
pitted and slightly “treed” at the edges. It cracks 
on bending the cathode 
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Gelatine + ammonium carbonate (Solution composition =0.2658M-2ZnF,, 0.4448M 
NH,F, 1.4052M-HF, 0.7124 g./litre gelatine} current density =3 amp./din®).—On an 
iron plate, the deposit is fairly ductile, free from ‘‘trees’’ and as bright as 6(a), T'able 
VII; but it is coarser-grained, pitted and very porous. ‘he anode corrosion also 1s 


not so good as with gelatine alone. 








Tas.e VIII 






Thiourea. 









Current density =2 amp./dm’. 






Original solution =0.3898M-ZnF, + 1.8679M-HF. 






No, Thiourea. Applied Current Nature of the deposit. 
(g./litre) voltage. efficiency. 
87% The addition of thiourea improves the throwing power 





I 1.402 2.0 92. 





of the solution considerably and suppresses the ten- 
dency to form “trees’’ at the edges. No other mark- 
ed charge is visible. 

586 20 93.37 Smoother and brighter deposit than (1), but still pitted. 
Anode corrosion is better than (1). 








3- 4.121 2.1 04.12 Lustrous and velvety, but slightly pitted 

3(a). ” 1.7 94.0 Very smooth, white, compact, ductile and fairly fine- 
grained deposit is obtained on iton cathodes. Slight 
**treeing’’ at the corners. 







4. up to Smoothness improves further; but the deposit is still 
8 570 20 03.97 pitted. 
4(a). 8.570 2.5 97.00 On an iron cathode, the deposit is white, smooth, matty, 






uniform and ductile (Plate D). Even at high magni- 
fications, it appears uniform and fairly fine-grained 
(Plate D’). It stands the porosity test well, indica- 
ting absence of pores. 

4(b). a 3-4 97-05 Even at 3 amp./dm?., the deposit on iron cathodes is 
uniform and ductile. Throwing power of the solu- 
tion is fairly good. There is very slight ‘‘trecing’’ at 
the edges The anode efficiency is oniy 64.7% 















5- 10.58 21 92 49 Practically same as (4). 

6. 15.49 22 03-97 Somewhat darker in colour than (5). 

7: 20.02 2.1 93 37 Dep“sit bec»mes darker still. Throwing power is very 
poor 







The anode corrosion was generally not very satisfactory in the above cases. 
Sodium alizarin sulphonate.—The deposits produced with this addition agent are 
black, rough and “‘treed; but they are very fine-grained. 

Naphthalene-8 sulphonic Acid.—Small concentrations of the sulphonic acid (up to 
1.5 g-/litre) make the deposits slightly smoother; but further additions render thein dark, 








loose and ‘‘treed’’ 







DISCUSSION 


Results recorded in Table I!I show that the fluoride solutions by themselves do not 
give good deposits. Plate A illustrates the unevenness and coarse grain-size of a typical 
deposit [Expt. 2(a), Table III] from these solutions. 

The addition of ammonium carbonate to the electrolyte improves the deposits up to 
a certain extent ‘Table 1V), but they are still too porous and coarse-grained to be 









considered satisfactory. 
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Good deposits on iron are obtained only with the aid of certain addition agent 
within definite limits of concentration. ‘The best deposit in this study is produced wit! 
thiourea as the addition agent [Expt. 4(a), Table VIII]. It appears smooth, finely 
crystalline and very uniform under both low (Plate L)) and high ‘Plate D’) magnifications. 
Moreover, it is found to be completely free from pores and it retains its smooth, 
white and bright appearance after exposure, even in moist weather, for three months 
A combination of glucose and ammonium carbonate gives a more lustrous deposit, 
but it is somewhat coarse-grained and contains a few fine pores [Expt. 2(a’, Table VI; 
Plate B]; even then, this galvanized iron plate remains white and lustrous 
after exposure and shows no sign of rusting whatsoever in moist weather. It isa _ well 
known fact that zinc by virtue of its electropositive nature is always oxidised first, in 
preference to iron, at fine pores; consequently, a porous zinc coating too can afford 
protection to iron against corrosion, provided the pores are not so big as to leave no 
zinc in the vicinity of the base metal thus exposed to atmosphere. The addition of high 
concentrations of gelatine (0.6g./litre) produces a smooth and mirror-bright deposit 
[Expt. s5(a), Table VII; Plate C], having an appearance almost resembling that of 
polished silver, and raises the maximum permissible current density from 2 to 4 amp. 
dm’. Although it appears very fine-grained and compact, even when highly magnified 
(Plate C’j, the caustic soda test reveals that it contains a number of fine pores. Never- 
theless, from the point of view of brightness, it is equal, if not superior, to a zinc deposit 
from any bright-plating bath described thus far in the literature. In common with many 
bright zinc deposits, the lustre diminishes with progress of time. The deposits obtained 
with the other addition agents, in general, are not satisfactory for protecting iron 
against corrosion. 

It is necessary to mention here that proper operation and maintenance of the yxood 
baths described above involve the following three details. Firstly, the anode efficiency 
not being generally equal to the cathode efficiency, either due to poor corrosion of the 
anodes or increased dissolution on simple-immerion, the composition of the electrolyte 
should be adjusted at regular intervals. Secondly, long exposure to air causes precipi- 
tation in solution, which is to be prevented by the addition of hydrofluoric acid. Thirdly, 
when using iron cathodes, the current should be “‘struck’’ at a higher value during the 
first few seconds of electrolysis, particularly in strong solutions, in order to secure good 
adherence of the deposits. 

In comparison with the acid sulphate bath, the chief limitation of the flouride baths 
is that the maximum permissible current density is not high on account of the compara- 
tively low solubility of zinc fluoride in solutions of hydrofluoric acid; but otherwise, 
some of the fluoride solutions, especially those containing thiourea, give deposits which 
are as sound and compact as the best ones from acid sulphate solutions. In point of 
lustre, however, the mirror-bright coats obtainable from fluoride baths having gelatine 
as the additio.. agent definitely preseut a better and more pleasing appearance. 


The author wishes to express his indebtedness to Dr. A. N. Kappanna, D.Sc. of 
the College of Science, Nagpur, for invaluable help and guidance and to his colleague, 
Mr. N. Owers, for assistance in taking the photographs. 
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STABILITY OF CHROMIUM (III) BIGUANIDE AND CHROMIUM (IID) 
PHENYLBIGUANIDE COMPLEXES 


By DEBABRATA BANDYAPADHAYA, NRIPENDRA NATH GHOSH AND 
PRIYADARANJAN RAy 


The stability of chromium (III) biguanide and chromium (III) phenylbiguanide complexes have 
been investigated by studying the decomposition of the complexes by acid 

The acid dissociation constants, k*,; and k*», of the biguanide bases have been determined by the 
method already decrsibed by previous workers in this laboratory (Das Sarma, next issue; De, 
Ghosh and R4y, this Journal, 1950, 27, 493) and these values have been used in the calculation of the 
instability constants of the complexes. 


The successive instability constants, k; and ky of the complexes have heen determined both by 
graphical method as well as by calculation. But it has not been possibie to determine the value of k, 
which is the instability constant corresponding to the first stage of complex formation. 

It has been found that the biguanide complexes are more stable than the corresponding phenyl- 
biguanide complexes as in the cobaltic series (vide, De, Ghosh and Ray, loc. cit.) and that the chromium 
complexes are less stable than the corresponding cabaltic complexes, and that this is more so for the 
tris-complexes. 

The complex compounds in solution may be said to undergo, more or less, a partial 
dissociation into their constituents, the extent of which is a measure of the instability 
of the complex. De, Ghosh and Ray (this Journal, 1950, 27, 493) have recently measured 
the stability of the cobaltic biguanide and cobaltic phenylbiguanide complexes. 
Measurement of the stability of the corresponding complexes of chromium (III) is 
likely to be of interest in view of the close similarity in properties of the complex 
ammines of these metals, and this forms the subject matter of the present paper. 

The method of investigation was the same as that of the previous workers in this 
laboratory and it differs somewhat from that of the original workers in this field because 
of the nature of the complexes concerned. ‘The complex compounds of this type 
have been described by Ray and co-workers (Ray and Dutt, ibid., 1948, 25, 563) as 
inner-metallic complexes of the third order and they furnish salts with acids. Solutions 
of the complex hydrochloride and hydrochloric acid were mixed in varying proportions 
and the pa of the resulting solutions was measured. The addition of acid to the 
complex leads to the following decomposition: (The equations and deductions given 
below for simple biguanide hold good also for phenylbiguanide). 


Cr(BigH)j** + 3H* [” Cr*** + 3BigH} .. a i 


(where “‘BigH”’ is a molecule of biguanide). 
. - , ‘ ; > ie + ” > 
But following Bjerrum (‘Metal Ammine Formation in Aqueous Solution", P. Haase 
& Son, Copenhagen, 1941) this is only an overall step and may be viewed as proceeding 


through the following successive stages : 
3—1801P—3 
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Cr(BigH),*** + H’* Cr{BigH),*** + BigH3 


Cr(BigH),.*** + H* Cr(BigH) *** + BigH3 x G8) 


Cr(BigH)*** + H”* 


th th ty 


Cr*** + BigH} 


The successive equilibrium constants for the set of equations (2) are denoted by 
k’,, k’, and k’, respectively, so that, 


» —(Cr(BigH).***]. [BigH,* ] (; 
*  [Cr(BigH),***]. [H*] at aie a 
k’ _ [Cr(BigH)*** ]. [BigH,* ] 


*" [Cr(BigH).***]. [A*] 


; Cr***]. [BigH.* ] 
d,k ol =o — scat 9s 
ane, © 1 Cr(BigH)*** ]. [H"] 





It is easily found that, 

k’ = k’,, k's. k’s fea oe” On 
where k’ is the overall decomposition constant, i. e., the equilibrium constant correspond- 
ing to the reaction (1). 

Now, let us assume that C,= concentration of the acid (HC!) added, C’,= concentration 
of the acid in the finai solution ‘after equilibrium being reached) as extrapolated from 
bu of the final solution (vide infra’. 

Therefore, acid consumed ‘‘Z’’ is given by, 


Z=C,-C',=[BigH3] + 2[BigH,**] sie en GA 


In an acid solution of biguanide bases the following equilibria exist: 


BigH+H* >” BigH} 
and, BigH3+H* 2” BigH3’ ie wit 


Therefore, k*,= [ wer 4 “| 


and k*, = [BigH,”]. [H'] ma ae So 
Seti [BigH,**] 


k*, and k*, being the acid dissociation constants of the biguanide base. From equation 
(9) we get, 
k*, [BigH,* ] 


[ BigH | = [H* tr) 
and similarly, from equation (10), we have, 
[BigH,**] = [BigH,*]. [H*] oo (z2 


k*, 
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From equations (7) and (12) we get, 
C,-C', =Z=[BigH,*](1+2[H* ]/k.*) 

or, [BigH,*] = Z.k,*/(k,* + 2[H*]) wm: 

But when pu> 5, [H* ] is negligible, and hence aque (13) reduces to[BigH}]=Z (14) 


From sn leit. ‘r2! and (13) we get for ‘‘x’’, the total biguanide liberated from 
the complex, the following relation : 


[BigH] + [BigH,*] + [BigH,**] 
[ BigH,* ](k,*/[H*] + 1 + [H*]/k,*) 

[BigH,*}(k,*.k,* + ke*[H*] + [H*]*)k.*(H*] 

= Z.(k,*.k.* + k.*[H*] + (H*]*)/(k.*[H*] + 2[H*]*) (15) 


Since k,* and k,* are small, in case of the biguanide bases investigated, their product 
- 


li 


Xv 


is negligibly small (being of the order of 10 for biguanide and 1o~** for phenyl- 


biguanide) and therefore, 


v = Z. (k,* + [H*])/(k,* + 2[H*]) ee .« 
and for pu > 5, x = Z (since [H*] is negligible). me od oe ©6297) 


If the total concentration of the complex used in the solution be “‘C’’ then, 
| Cr(BigH),***] + [Cr:BigH),***] + [Cr(BigH)***] + [Cr***] 
C; + C, + C, + Cy we ae 
and the total biguanide in the complex is given by, 
3C—x = 3C, + 2C, + C, we ww. (19) 


Depending on the relative values of “‘C’’ and “‘x’’, the following cases are possible : 


+++ 


(I) When ‘“‘x”’ is less than ‘‘C’’, concentrations of Cr(BigH) ion and Cr*** ion 


are negligibly small and the equations (18) and (19) reduce to 
C#€¢,+C, ove oe w» (20) 
and, 3C—x = 3C, + 2C; _ = ese (21) 


Solving equations (20) and (21) we get, 


Cc, C-x sal 
and C. se \ Poe ae eee (22) 


and substituting these values in equation ‘3) we get, 


BigH3 | 
k'. = . e [ 3 (23) 
y * (C=x) [H*] 3 
and the instability constant k, corresponding to the reaction 
Cr(BigH),*** [7 Cr(BigH),’** + BigH 
is given by, 
[Cr‘BigH),‘**] [BigH] — C./C.)[BigH] = k’..k.* 
= Say = (C./Cs)[BigH] = k's. + (24) 
. ey 1 of ' 
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€€yxe 


(II). When ‘‘x’’ is greater than ‘‘C’’ but less than ‘‘2C’’ we neglect the concentra- 
tions of the ions Cr(BigH),*** and Cr*** and as before it can be shown that, 
, — (x-C) [BigH,*] 7 
y, = eee = we (25 
(2C-x: [H*] 
and k,, the instability constant corresponding to the reaction 


Cr(BigH)3** [ Cr(BigH)*** + BigH 


is given by 
k, = 'C,/C,) [BigH] = #..k,* ss we. (26 


The determination of k’,, and hence of k,, requires a knowledge of the free chromi- 
um ion concentration. Attempts were made to determine this from the measurement 
of the redox potential of the Cr***/Cr, O,” system formed by adding a known quan- 
tity of potassium dichromate to the acid solution of the complex. But abnormal and 
improbable values were obtained both in hydrochloric as well as in nitric acid medium 
[his might possibly arise from the oxidising action of the dichromate ion on the bi 
guanide molecules. 

The hydrogen-ion concentration, or the equivalent fx, can be measured as 
described in the experimental portion to follow. ‘Io determine the final acid concen- 
tration C’, the graphical method of Randall and Young (J. Amer. Chem. Soc., 1928, 
50, 989) was employed. 

Following Bjerrum (loc. cit.) the curve obtained by plotting (3C—x)/C against 
b([BigH.*]/[H*]) leads to the evaluation of k’, and k’, as shown below : 


+. [BigH] [H*] 


k 
: [BigH,* ] 
or, p([BigH*,]/[H*]) = p[BigH]—pk,* >. vee (27) 
According to Bjerrum (loc. cit.), 
(p[BigH] a-n-1/2 = —pKn, eee we» (28) 
therefore, (p[BigH ])cen-i/2 = Pkn oe we» (29) 


where Kn = 1/kn, k» being the n th. instability constant of the complex. 
From equations (27) and (29) it can be deduced that, 
(p[BigH,*]/[H*])ien-1/2 = Pkn—pk,® = p(k, /k,*) 
= pk’, (since k'’n=ka/k,* as deduced before) peo , (90) 
(vide equations 24 and 26) 


'hus the values of p{{BigH.* |; [H*]) corresponding to the values of n =[(3C —.x/C)] 
equal to 0.5, 1.5 and 2.5 in the curve can be made use of in calculating the values of 
k',, k’, and k’; respectively. But in actual experiments the px measurements in the 
region where n = 0.5 was not possible, using glass electrode. Hence, even by the 
graphical method the value of k’,;, and hence of k,, could not be obtained. 

The acid dissociation constants of the biguanide bases were determined, following 
the method of previous workers of this laboratory (B. Das Sarma, unpublished ; De, 
Ghosh and Ray, loc. cit.) both graphically as well as by calculation. 
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ExPERIMENTAL 


Preparation of the Materials 


Biguanide Dihydrochioride Solution.—A solution of the dihydrochloride (0.1M) 
wus prepared by treating a solution of the pure sulphate with a little excess of the 
requ'site quantity of barium chloride (Kahlbaum) solution, filtering from the precipitat- 
ed barium sulphate and diluting to the requisite volume with wa‘er. 

Chromium tris-biguanide trihydrochloride was prepared and purified according to 
the method of Ray and Saha (this Journal, 1937, 14, 670). {Found: N, 45.11, Cl, 23.11 ; 
Cr, 11.28. [CriC.N;H;)3] Cl, cequires N, 45.50 ; Cl, 23.0S ; Cr, 11.20 per cent}. 

Solutions of the salt were prepared at the time of use by dissolving the exact 
quantity in water and diluting to requisite volume. 

Phenylbiguanide Hydrochloride.—A solution of the substance o.1M) was prepared 
by dissolving an accurately weighed sample of the pure hydrochloride in the requisite 
volume of water. 

Chromium tris-phenylbiguanide sulphate was prepared pure according to the method 
of Ray and Ghosh( ibid., 1938, 15, 350). {Found : N, 28.32; Cr, 7.01 ; SO,,19.32. 
[(Cr(CsNsHii)s]2 (SOx)s, 2H,O requires N, 28.13 ; Cr, 6.08 ; SO,, 10.33 per cent}. 

A stock solution of the chromium (III) tris-phenylbiguanide trihydrochloride 
‘0.05M) was prepared by treating the requisite quantity of the pure sulphate with a 
little excess of o.2M barium chloride solution, filtering off from the precipitated barium 
sulphate and diluting to the requisite volume. From this stock solution other solutions 
were prepared by dilution, as required, at the time of use. 


Caustic potash solution (carbonate free) prepared for use was 0.05028N. 


Chemically pure hydrochloric acid solution of strength 1.809N was prepared as 
described previously ‘vide De, Ghosh and Ray, loc. cit.). 


All the solutions were made up with conductivity water. 


In all the determinations a Beckman /xs-meter (potentiometer), model G was 
used for px and E.M.F. measurements. 


Acid Dissociation Constants of Biguanide and Phenylbiguanide at 32° 


A o.1M solution of biguanide dihydrochloride was prepared as described above. 
to c.c. of the solution were taken in each of several 100 c.c. standard volumetric flasks 
(Jena glass) and different proportions of standard hydrochloric acid or caustic potash solu- 
tions were added as required, and the resulting solutions were made up to 100c.c. ‘These 
were kept in the thermostat at 32° for a day, and the next day the p, of the solutions 
were measured by glass electrode, using a saturated calomel reference electrode, in 
the Beckman px-meter which was previously set against a buffer solution of known 
pu.. The acid dissociation constants, k,* and k,*, were calculated both graphically as 
well as by calculation, as described by the previous workers (loc. cit.). The values are 
geven in Table I. 
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TABLE I 
Base. k,*. ky*. ko*. kg ° 
(calc. mean) (graphical) (calc. mean) (graphical) 
Biguanide 3.217 X10°!2 3.02 X107!2 1.129 X 1073 1.148 xX 1073 


Phenylbiguanide 1.978 X 107! 


1.905 X 107! 


6.971 X 1073 6.918 x 1073 


Similarly 10 c.c. of phenylbiguanide monohydrochloride solution (o0.1M, prepared 
as described before) were taken in each of the several 100 c.c. volumetric flasks as before 
and the requisite acid or alkali added; and proceeding exactly as before the k,* and k,"* 


values of phenylbiguanide were determined. 
Fig. 1 shows the (Z/Cs)/ pu 
biguanide, aud Z = acid consumed. 


Fi 
ig. 1 


o.... BiGUANIDE 
D- PHENYL BIGUANIDE 











These vaiues are also given in Table I, 





curves for the two biguanides. Here C,= total 
Fig. 2 
‘| 
©. CHROMIUM BIGUANIDE COMPLEX 
a CHROMIUM PHENYL-BIGUANIDE COMPLEX. 
Sr 
1. é » 
[eu] ™ \ 
[x] \ ' 
® | 
s\ 
° : - a 
RW = (3-2) /c \ 
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B refers to biguanide or phenylbiguanide. 


Instability Constants of the Chromium Complexes at 32° 


The complex tris-hydrochloride and hydrochloric acid were mixed in varying pro- 


portions and the volume of each solution made up to 100 c.c. in a standard voiumetric 


flask (Jena glass). 


next day the pa of the solutions was measured. 


change and was unnecessary. 


These were kept at 32° 


iu the thermostat for three days and the 
Keeping ionger did not produce any 
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The constants k’,; and k’, were calculated by means of the equations (23) and (25) 
respectively. The graphical evaluation was carried out from the curve p([BigH3]/[H*]) 
against (3C-x)/C (see Fig. 2) as explained before. The instability constants k, and 
k, were calculated from equations (24) and (26) respectively. ‘Tables II to V give the 
results for the chromium (III) biguanide complex and Tables VI to IX give the results 
for the chromium ‘III) phenylbiguanide complex. 


TABLE II 


[Cr‘BigH), ]Cl, System : Acid variation. 


remp.=32°. C=o0.01 M. k*,=0.001145. 

Ca. pu. PC's. x. n P(LBigH,* }/|H*}) k's. k's 
0.0005 7-50 — 0.0005 2 95 — 4.259 0.9557 X 10° _ 

001 7.20 _ .0O1 2.00 — 4.20 1.761 X 103 —_ 

002 6.61 -- 002 2.80 — 3.911 2.036 X 103 _ 

-004 6.08 — .004 2 60 — 3.682 2.206 X 103 a 

008 5-38 — .co8 2.20 —}3.283 7.678 xX 103 —_ 

O12 3.73 3-71 .01037 1.963 — 1.6805 one *1841 x 1073 

o16 3-03 2.993 .01034 1.966 — 0.7862 € 216% 10'3 

02 2.65 2.624 0106: 1.939 —0.2061 . * 104 x 1073 

025 2.30 2.25 .01069 I 931 0 4096 _ 290.46 X 1073 

+03 2.07 2.019 .01086 1914 0.8192 7 14.27 1073 

035 1.92 1.862 OIIII 1.8&9 1.0937 . 10.07 X 1073 

04 1.80 1.742 01132, 1.868 1.3163 — 7-341X1073 

05 1.43 1.57 .01180 1.82 1.6301 — 5.145 X1073 

.075 1.38 1.31 01318 1682 2.0718 — 3.952 X 1073 

.10 1.22 1.148 01462 1.538 2.3432 ~ 3 89s x 1073 


C = total chromium in the sclution, « = tutal biguanide liberated from the complex. 


C, = total acid added, C’, = final acid, n = the formation function, i ¢., the average number of mc! 
cules of the complex bound ligand attached per atom of chromium 


~ 
‘ 


All concentrations have been expressed in molarits 
TABLE III 


[Cr BigH),]Cl,; System : Complex variation. 


Temp. =32°. Ca=0.0c4 M. k*,=0.001148. 
=a pu. pC’a. x. n. P (| BigH,*}/(H*}). ky Ry’. 
© 0005 2.56 2514 © 0005499 I.goo2 1.23! — 6.513 X1073 
001 2.69 2.648 001068 1.932 0.7254 — 13.73 X 1073 
.002 3.04 3.005 .002¢89 1.9555 —0.1061 — 59.47 X 1073 
005 5.58 — 004 2.20 — 3.1821 6.084 X 103 om 
OI 6.08 — 004 2.60 — 3.6821 3.206 X 103 — 


ors 6.30 — 004 2.7333 — 3.9021 2.902 x 03 -- 
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TABLE IV 


[Cr(BigH),]Cl; System : Complex variation. 
Temp.=32°. C,=0.03 M. k*,=0.001148. 


c. pu. PC's %. n. P(L BigH,*]/[H*}). k’s. 
0.001 1.63 1.569 0.001546 1.454 2.5115 —_ 
002 1.67 1.608 .002739 1.6305 2.1851 = 
005 1.79 1.73 .005886 1.8228 1.62 — 
OI 2.97 2.019 .01086 1.914 0.8192 — 
O15 2.59 2.54 .01603 1.9313 0.2847 — 
TABLE V 





k's 


3.709 X 1073 


w 


3.826 X 107 
5.166 X 1073 


14.27 X1073 


* 1421073 


Consecutive instability constants of the Cr(BigH),*** ion(at 32°). 


kf (calc. mean)=3.217x107"*. kf (graphical) = 3.02 x 107 


12 


k’s. k’;(mean). ks. k's. k’,(mean) 
1.761 X 103 3-71 X1073 
2.036 X 103 3-83 X 1073 
2.602 X 108 3.90 X 1073 
3-206 X 103 3-94 X 103 1.271078 3.95 X 1073 5.51 x 10°73 
6.084 x 108 5.15 X1073 
7.678 x 10% 5-17X1073 
k’3=3.63X103; —ky=1.096 1078 6.511073 
Graphically :— 7.341073 
k’,=3.63X10°3; k,=1.096X 1074 10.07 X 1073 
TABLE VI 


[Cr(PhBigH), ]Cl, System : Acid varialion. 
Temp.=32°. C=0.01M. k} =o. 06918. 


Ca. p®, PC's. %. ni. p({PhBigH{]/[H*}). 
0.001 6.52 _ 0.001 2.90 -3.52 
0.002 6.20 — 0.002 2.80 -3.501 
0.004 5.67 _ 0.004 2 60 -3.272 
0.006 5.08 -- 0.006 2.40 -2 858 
0.008 3.90 3.88 0.007731 2.2269 -1.7807 
0.015 2.65 2.607 0.01011 T 559 "0.5332 
0 02 2.32 2.72 0.0104 1.96 “0.1086 
0.025 2.12 2.07 0.01082 1.918 0.1669 
0.03 1.99 1.935 0.01151 1.849 0.3033 
0.04 1.78 1.72 0.01228 1.772 0,6621 
0.05 1.63 1.57 0.01302 1.698 0.8976 
0.075 1.39 1.32 0.01463 1.537 1.2829 


~ 


, 
k’3 


0.368 x 103 


) 792 X 10% 


.247 X 103 


= 


.082 X 103 


- 


-2021 X 103 


° 


ko. 


1.77 X 10714 


3-796 X 107? 
5-351 X107? 
6.082 x 1072 
8.847 X 1072 
6.43 X 107? 

5.476 X 1072 


4.49X 1079 




















STABILITY OF CHROMIUM (II) BIGUANIDE, RTC. 165 


TABLE VII 


[Cr(PhBigH), ]Cl, System : Complex variation. 
Temp. =32°. C,=0.004M; k= =0.006918. 


C p". pC's. %. nr. p(([PhBigH?]/[H*]). k's. k's. 
ooI 2.63 2.59 0.00114 1.86 0.4396 _ 5.914 X 1072 
02 2.82 2.78 0.001984 2 008 0.0315 0.133 X 103 — 
005 3-70 3-68 0.003684 2.2832 “1.2544 0.0503 X 103 = 
5-67 — 0.004 2.60 3.2721 1.247 X 103 -- 
2 5-92 _— 0 004 2.80 3.522 0.832 X 103 = 


TaBLe VIII 


[Cr(PhBigH), ]Cl,; System : Complex variation. 
Temp. = 32”. *=0.03M. k= =0.006018. 


Cc Pu. pC’s. x. A. p({PhBigHt]/{H*]).  k’s. k's. 

I 1 63 1.57 0.001738 1.262 1.772 —- 4.76 x 107? 
102 1.67 1.61 0 003105 1.4475 1.4498 _ 4.38 X 1072 
005 1.79 1 73 9 096689 1.662 0.9089 —_ 6.291072 
oI 1.99 1.935 O.O1151 1.849 0.3033 - 8.85 x107? 

Tasie [IX 
Conseculive instability constants of the Cr(PhBigH), ion(at 32). 
ky (calc. mean)=1.98 x 107"'. kf (graphical)=1.91 x 107"' 
k's. k’;(mean) ky. k's. k’s(mean). Kos 
792 X 103 379X107? 
832 X 103 0.79 X 103 1.56x 1078 4.38x107? 
1.082 X 103 4.49X 107? 
1.247 x 103 4-76x107? 
5-351 X107? 
§-476X1072 5-62 X 1073 1.11 X 107! 
{ k’3==1.2X103; k3=2.29X1075 5.914 x 107? 


9 


6.082 X 10 °~* 
6.292 X 1072 
6 431072 
| k’g=5.01X107?; ky=0.954x 10712 8.847 107? 


Graphically :— 


DiIscuUuSSION 
In its first acid dissociation simple biguanide is a stronger base (kf =3 02 x 107'*) 
than phenylbiguanide (kf =1.91x107"'}. But in the second acid dissociation the basic 
strengths differ only slightly, but still the simple biguanide is a little stronger (k} = 
1.1510 *) than the phenylbiguanide (k= =6.92*107*), This result can be compared 
with the effect of basic strength produced by a phenyl substituent in the ammonia 


molecule, where we find that the latter is about 10° times stronger than the former: 


Substance. k* acid. 
NH; 5-6X 10710 om — ing 
. Amer. Chem. Soc., 
C,H; 3.7X 1075 1930, 52, sogo. 


4—1801P—3 
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The great diminution of the basic strength in aniline is usually attributed to the 
resonance between the two Kekulé forms as well as struct"res of the following type: 


+ + 
NH, NH, NH, 

i» ~S— af 

| | | | | 


2 ol \F WY 

so that the tendency to form the ion PhNH,”* is markedly reduced. ‘This view is 
supported by the fact that diphenylamine, (C,.H;).NH, has feeble tendency to forn 
(C,H;!2.NH,X, and in aqueous solution these are at once broken upto (C,H;),NH and 
HX. ‘The same resonance phenomenon exerts its influence in the case of phenylbigua 
nide as well, though to a much less extent in view of tke increased distance between the 
phenyl radical and the basic : mino group at the other end of the molecule. 


Let us now compare the kj and k5 values of the two biguanides with the corres- 
ponding values for ethylenediamine and propylenediamine as in the following table. 


TABLE X 
Substance. k* kt 
CH,—NHg, 
CHy—NH, 


1.2xX 10710 6.41078 


(Ethylenediamine) 


Ty Carlson, 
fel NH, Mc. Reynolds 


CH: 1.48 x 107!9 8.5x 1078 and Verhoek, 
. J. Amer. Chem 
CH.—NH; Soc., 1945, 67 
: 1336. 
(Propylenediamine) 


NH 


C—NH, 
HNC 3.92x 107! 1 4&X 1073 
C—NH, 


NH 

(Biguanide) 
NH 
i] 


C—NHPh 
HNC 1.91 x 1971! 6.921073 


C—NH; 
NH 


(Phenylbfguanide) 
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Compared to the kf values the kf values of simple and phenylbiguanide are consider- 
ably greater, and this may reasonably be attributed to the following equilibrium reactions: 


+e” —> 
NH NH NH NH 
—a—* Ts —H* {iT 


H,N—C—NH—C—NH, < H,N—C—NH—C—NH;;’ 
—- 
N 


NH N™ H N~ 


It is this ampholytic character which characterizes the biguanides from the alkylene 
diamines, aud they are therefore capable of forming inner-metallic complexes. 

In the study of the two complexes we find that the constants k’, and k’,, obtained 
by calculation, show some large variations within themselves in some cases ‘see the 
values marked with *). On comparison with the p([BigH3 ]/[H*]) —(3C-x)/C curve we 
find that these variations occur in the region corresponding to the straight middle 
portion of the curve. In this region the assumptions on which the calculations are 
based are not justifiable, as the tris-, bis-and the mono- biguanide complexes are present 
in comparable quantities. 

Another unavoidable complicating factor is the hyd-olysis phenomenon of the foll- 
owing type: ; 

<— | Cr'BigH', ae 
[Cr(BigH),]}*** +2H,0 in | fox [+ sien. 
(H,O) 
That such hydrolysis occurs, has been proved by the actual isoiation of the more or less 
stable bis-biguanide hydroxo-complex by Ray and Saha (loc. cit.). In the case of the 
cobaltic biguanides such hydroxo-complexes are not readily formed (cf. Ray and 


Majumdar, ibid., 1946, 28, 73). 
Since according to Bjerrum ky is best defined in the region n=n-1/2, the graphical 


values of the constants have been used in the following comparison of the stability of 
the Cr/II1) and Co{II1) complexes. This is interesting in view of the close similarity 
in properties of the complex ammines of these two metals. 


TABLE XI 


Complex. k;. kg. 
Cr(BigH),*** 1.096 x 1078 1.096 x 10714 
Cr(PhBigH);*** 1.561078 0.954 107!2 
Co(BigH)a*** 1.89X107!2 2.75x107'* § De, Ghosh and 
Co(PhBigH);*** 1.88 X Io7!2 4.275x10714 ( Ray, loc, cit. 


From the above table we find that the bis-biguanide complexes are more stable 
than the correspondfng fris- complexes and that is what might be expected, as in the 
bis- complex the co-ordination capacity of the metal remains unsaturated. in both the 
series the tris- complexes are nearly equally stable for both simple and phenylbiguanide, 
while the bis-complex of simple biguanide is somewhat more stable than the pheny! 
analogue. This provides some information regarding the relationship between the 
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stability of the complex and the basic strength of the ligand, a problem that has been 


tackled by many investigators. 


in aqueous solution the decomposition of the complexes by acid, would lead to th 
formation of squo ions in which the co-ordination capacity of the metal is fully satisfied 
This, however, does not affect the treatment, as in dilute aqueous solution the activity o 
the solvent virtually remains constant and hence does not come in the equations. 
INORGANIC CHEMISTRY LABORATORY, 
DEPARTMENT OF PURE CHEMISTRY, 
UNIVERSITY COLLEGE OF SCIENCE, 


CALCUTTA. 
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STUDIES IN THE BEHAVIOUR OF BI-UNIVALENT SALTS IN 
AQUEOUS SOLUTION. PART II. LEAD ACETATE 


By N. K. Das, S. ApityA AND B. PRASAD 

The dissociation of lead acetats by setting up cells of the type HgxPby | Pb CFOs NH,NO3 
PbAcg (C)+HAci Hg<Pby has been studied. Some acetic acid was added to stop hydrolysis of lead 
acetate. Different amounts of acetic acid were added in a number of cells and the E.M.F. was extrap»la- 
ted to zero concentration of acetic acid. The zero readings corresponding t» 1oN, 5N, 8N, 4N and 2N 
immonium nitrate sait bridge were thus found. Bjerrum's empirical method of eliminating liquid 
junction potential was used by taking 1oN and 5N, 8N and 4N, 4N and 2N ammonium nitrate bridges 
Ignoring interionic attraction, concentration of lead ion in lead acetate was found from this type of cell 
Using mass action equation for various types of dissociation it appears that the lead acetate is either 
dissociated into Pb** and Ac™ or into PbAc*, Pb** and Ac”. The latter mode of dissociation seems 
to be more probabie. Applying Debye-Hiickel equation and making some assumptions, the thermo- 


dynamic dissociation constant of PbAc* na Pb** + Ac” is shown to be 3.1 1073 at 


The cause of solubility of sparingly soluble salts of lead, like lead chloride, lead sul- 
phate in ammonium acetate isan old problem. Many workers since the beginning of this 
century tried to explain the mechanism of this phenomenon. Noyes and Whitcomb 
Proc. Amer. Chem. Soc., 1905, 27, 747) suggested that the phenomenon might be due to 
metathesis of lead acetate: Pb** +2Ac™ = PbAc, (undissociated). 

This, however, could not account for the variation of conductance of lead acetate 
solution with concentration. Further, Conard (Diss., GOottengen, 1903) made E. M. F. 
measurements which indicated the presence of Pb**. Sandved ‘J. Chem. Soc., 1927, 

2957) suggested the increased solubility of sparingly soiuble lead salts in solution of 
alkali acetate to be chiefly due to the combination of Pb** with Ac” to give PbAc”*. 

Edmonds and Birnbaum (J. Amer. Chem. Soc., 1940, 62, 2367) made an attempt at 
the quantitative determination of dissociation constant of PbAc*. They determined the 
solubility of lead iodate in ammonium acetate keeping ionic strength constant by means 
of ammonium perchlorate. From the solubility data they found out the value of K. 
This they determined only at one ionic strength. The merits and demerits of their 
experiment have been discussed by Purkayastha and Sen Sarma ‘this Journa/, 1946, 28, 31) 
who used thermometric and conductometric methods in conjunction with Job’s method 


of continued variation to determine the dissociation constant of PbAc* ene VAS". 


Considering all these, the EK. M. F. study of the lead acetate system has been made. 
Here, as the cell contains nothing other than PbAc,, it is likely to furnish better infor- 
mation. The type of the cell studied is shown schematically : 

HgxPby | Pb (NOs), | NH,NO, | PbAc, ! Pb,He, 
Cc Cc 


li Pb(NO;}, is taken to be completely dissociated into Pb** and NW,~ ions (cf. Part I, 


this Journal, 1951, 28, 683: the i. M. F. of the cell will be given by an equation wh ch 
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will involve the degree of dissociation of lead acetate. Let us assume first that the disso- 


ciation takes place in two stages : 
PbAc, —> PbAc*+Ac™ and 
PbAc* *> Pb** + Ac™ : 


and that the first stage dissociation is complete ani the degree of dissociation of 
PbAc’ is 2; 
PbAc, — PbAc* + Ac~ 


I 2)¢ 


4 
1 | 

Pb**+Ac 
a ac 


Then E = ok los 


In the second instance, let us assume that PbAc, dissociates in one step as, 


PbAc. “~ Pb**+ +2Ac~ 


1-B)C BC 28 
we 
Then k= RI log 4 ’ 
2k 8 
Ka 4 
1-f 


In the third instance, lect us assume that dissociation is like 
2PbAc, —> Pb*” + [PbAc, ]~ 
Cc 7? 


> 


Pbtt +4Ac” 
+f 2yC 


[Pb] fAc]' 16 (1 +y). y'f 
| — — 
2 [Pb Ac, ] v' 1-7 


So with the observed EK. M. F data we are to see which of these assumtions is correct. 
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EXPERIMENTAL 


Lead nitrate and lead acetate used were of Analar quality and were both analysed 
for the percentage of lead. 

Amalgam .—-Redistilled mercury was used in preparing the 4% (with respect to lead) 
amalgam. The amalgam was prepared as described in the previous communication 
(loc.cit.) and stored in a flask in an atmosphere of nitrogen. It was transferred to the 
electrode vessels of the same type and in the sane way as described earlier except that 
fillings of the cells were done in the atmosphere of nitrogen. The solutions used were also 
deoxygenated by passing nitrogen. 

The two half cells were joined by means of closed symmetrical bridge 
NH,NO,;) as used before. Different concentrations of NH,NQ, solution e.g. 1oN, 5N, 
8N, 4N 2N were used and using Bjerrum’s empirical method ‘Z. pirysikal. Chem., 1905, 
53, 428} for eliminating liquid junction potennial, the E. M. F. of the eoncentration 
cell without liquid junction potential was determined. The mean readings of the diffe- 
rent combinations did not differ by more than 0.5 m.v. Table 1 will serve as an illustration. 
Each experiment was done in duplicate. The temperature at which experiments were 
done was kept at 30°. 

Lead acetate hydrolyses in solution. So acetic acid was used to suppress hydrolysis 
in the half cells containing lead acetate. As the E. M. F.’s of the concentration cells 
HgxPby, | Pb (NOs), PbAc, ‘C) | PbyHgx, with different concentrations of aceti: 
iC) +HAC 
acid were found to be linear, the E.M.F. of the cells corresponding to zero concentration 
of acetic acid was found by extrapolation. They are shown in Table II. 


TABLE | 


Ceil: HgyPbx | Pb (NO3)o NH,NO; 'PbAcy (C) | PhxHgy. 


* bridge soln. + acid 
Conc. of PbAco and Pb ‘NO 3),=0.01 M (g. mol. /litre). Temperature = 30° 
Conc. of acid=0.002sN Cone. of acid=0.005N Cone. of acid =0.0075N 
(g. mol./litre). ig. mol./litre). (g. mol./litre). 
Bridge FE.M F. F.M.¥. Bridge F.M.F. E.M.¥ Bridge E.M.F. E.M.F 
soln. (mean) soln, (mean) soln. (mean) 
10ON 0.01295 , eens 1cN 0.013002, e1320 10N 0.01290 fo exeee 
5 0.01310 _ 5 0.012905" "* 5 0.01290$°"* 
8 ¢.01300 . Fons 5. ope 2... 0.01290 2 z ue 
€.02320 bo.or28 » 0 03293 4 101285 § D.O13I§ 0.01305 0.01300 § 2:03%0 0.01205 
4 © 01320 | . $ 9.01285 3 : 4 oe 
2 o.orgz0 § 0:07320 2 0.01280 § 0.01290 2 ©.01310 — 


Conc of acid=o0.01N. 


10N 0.01290 
5 0.01290 oasey 
8 0.01295 


P 0.02300 ’ o.or2¢0 0.01290 


E.M.F. at zero acid concentration by extrapolation 0.01290 volt. 
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‘ 
TasLe II 
Conc. of Pb (NO 3). + 
PbAcg solns, (M) eee 0.01 0.02 0.03 0.04 0.05 0.06 0.075 
Extrapolated 
E.M.F. (volt) at 30° ; 0.01290 0.01750 0.01930 002055 0.92125 0.02220 0.02525 
Tasie III 
; . . ‘ +a)aC » > 
Cone. E.M.F. a K, = (tele B. K>. y. K; 
I-a ‘ 
0.075 M 0.02525 0 1488 14.8X10 3 0.1488 &.7x 1073 —0.7140 
0.06 1.02220 0 1791 154X103 0.1791 10.08 X 1873 —0.6417 2 
005 0.02125 0.1949 14.4X10 3 0.1949 9 208 x 1073 —o 6010 > 
0 04 0 02055 0.2065 11.2X1073 0.2065 7 103 X 1073 —0.5870 2 
0.03 _ 0 01930 0.2273 10.8 x 1073 0.2273 5.5X1073 — 0.5433 = 
0.02 0.01750 0.2610 8.9x 1073 0.2610 3.85 X 1073 —0.4789 a 
0.01 0.01290 0.3715 8.1x10°3 © 3715 3 26X1073 —0 2570 
TABLE IV 
. . I+a + 
Conc. Caf. a. Me Log app** 
I-@ 
0.01 M 0.001827 0.3120 0.01624 3-5416 
0.02 0.002072 0.2072 0 028288 4997 
0.03 0.002265 0.1659 0 03964 5011 
0.04 0 002436 0.1470 0.05176 «5145 
0.05 0.002546 0.1300 0.06300 5185 
0.06 0,002527 0.1154 0.07350 .5051 
0.075 0.002220 0.0878 0.08820 4335 


DIiIscUSSION 


Taking these E. M. F. readings and utilising the relationship discussed before for 
different types of probable dissociation as the case may be, *, 8 and y were calculated 
(Table 111). It is seen that the value of y becomes negative and as such the scheme III 
cannot be feasible. Now, the values of dissociation constant K for the schemes I and II 
are given by 


, _(r+a)ac, 

K, = ” ’ 
1-2 
48°C? 

Ke = B 


respectively. These are also given in Table III. A glance at the table shows that 


the variation of ‘K’ on the scheme II is more than that calculated on the scheme I. 
So the first scheme (1) may be taken to be the true picture of the dissociation of lead 
acetate. Here Pb Acz—>PbAc* +Ac™ has been taken to be complete. Further work is 
being carried on studying the type of cells of the type 
Hg Hg,Ac, | NaAc|| ||PbAc. | Hg, (Ac). Hg 
and Hg Hg,Ac, | PbAc, | HgxPby 








st 
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So the calculations of ‘A in this have to be done again if there is any indication 
f incomplete dissociation of PbAc, into PbAc* anil Ac”. 
Having had an idea aout the classical dissociation constant it may be worthwhile 


to calcuiate the thermodynarnic dissociation constant. Lead acetate dissociates accord- 


ing to 
PbAc, —> PbAc* + Ac™ 
Pb** + Ac” 
‘ = > Gac Xapp** — rt 2), aT “atid 
Therefore Kr= oe —C¢ (1+). fa x a! ; 
aPpAc (r—2) C. frbac 


where Kr is the theromodynamic dissociation consatnt. 


Or log Kr=log( * : =.) ap,** + 1Og aa? ‘ 
is . 


Since-log f = A Vana + Bu 


/ F 

Irz . . , ‘ a 

we have log Kr=log ( ba app’ * —A Ve-B’ptA Vu t+ Bp 
\I-2 


\ 
+7 
=log(? ) ape** + Bp. 


; Se 
In our equation for I.. M. Fjof the cell, 


log app’ * in Pb (NOsi2 
oF - e. C.. fr a: PbAc, 





(@ C fp,** is the activity of lead in PbAc,). 
In order to get the value of ap,** in lead acetate it is necessary to get the value 
apy** in lead nitrate solution. ‘Ihe activity coefficient of the individual ions can be 
found in dilute solutions on the assumptions made by G. N. Lewis ("Thermodynamics”’, 
Chapter XXVIII) that in a solution of KCl the activity of K* is equal to that of Cl 
and that the activity coefficient of an ion is the same in solution of all its salts at the same 
ionic strength. From this the activity cuefficient of differeut ions have been computed 
The activity coefficient of Pb** in Pb‘NO,}, solution can be found from the equation 


2 
ay f* PErnOs)2 X I? Ke! 
— ri 1088 s 
J} KNOs 





IP 
Having known the ap,** in Pb(NO,)}, solution the activity of lead in lead acetate 
solution is calculated. Now ¢f is taken to be equal to the apparent degree of dissocia- 


tion, say x’. Again, a’ being known we can find out an approximate value of the ionic 


5--1801P—3 
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+ 


strength of lead acetate, and hence the activity coefficient of Pb** 10n in jead acetate solu- 
tion on the basis of our assumptions. Now, substituting the value of f/, 7 is known appro- 
ximately. ‘This approximate value of « gives a new value of /. Again putting the new 
value of %,a ,:ore accurate value of * is obtained. This process of approximation 


is repeated till we get a constant valve of . Ihe values of for different concentrations 


; — , 11 Irz +4 . 
are given in Table 1V. Calculated values of » and log ( ens are also given in 
— Z, 


+ 4% —- P . . . 
Jon , plotted against ~, gave a straight line which was extra- 
= O 





Table 1V. Now log; - 


I 
polated to zero ionic strength. ‘Thus, the thermodynamic dissociation constant is found 
to be 3.1 X 10° at 30 

So the solubility of lead sulphate in ammonium acetate seems to be due to the 
formation of PbAc” ions. 

The work on this line was begun by S. Pani but he had to discontinue it on account 
of his absence from Cuttack. The authors are thankful to him for his preliminary 


measurements. 
MaYURBHANJ CHEMICAL LABORATORY, 
RAVENSHAW COLLEGE, CUTTACK. Received June 28, 1951. 
o 
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DIPOLE MOMENTS OF TRIVALENT METALLIC SOAPS IN BENZENE 
AND THE EFFECT OF ADDITION OF SMALL QUANTITY OF 
ALCOHOL THEREIN 


By BIRENDRA CHANDRA BANERJEE AND SANTI R. PALIT 


Debve's method. 


solution of aluminium and iron oleates It is observed that the dipole moment rises very steeply 
addition of a small quantity of alcohol and thereafter falls sharply on further addition of alcoh 


by incipient coagulation on further addition of the non-solvent alcohol 


dipole moment of metallic soaps of six divalent metals. We have extended the 
work to a determination of dipole moments of a few trivalent metallic soaps. 
work is of special interest as the physico-chemical behaviour of trivalent metalli- 


Col.Chem., 1949, 58, 923; McBain, Mysels and Smith, Trans. Faraday Soc., 1046, 


J]. Res., 19048, 26B, 481). 


EXPERIMENTAL 


simplified method as suggested by Guggenheim (Trans. Faraday Soc., 1940, 45, 320 


dried in an electric oven at approximately roo° to drive out water or alcohol. 


tor for future use. 











The dipole moments of oleates of Fe, Al and Cr, Al-dioleate, Fe-laurate and Fe-stearate have been 
ileulated fron dielectric measurements following the classical equation of Debye. Guggenheim's 
method of calculation has been found to give reliable values in fair agreement with that obtained by 


Guggenheim’'s method has been applied t» measure the change in dipole moment which occurs 
iddition of small quantities of alcohol, which is known to profoundly influence the viscosity, to benzene 


is explained as owing to the micellar breakdown and solvation of the soap molecules by alcohol, followed 


In a previous communication (this Journal, 1950, 27, 385) we reported data on 


and their solutions have lately attracted much attention (Gray and Alexander, J. Phys. 


172; McBain and Working, J. Phys. Col. Chem., 1947, 51, 974; Mysels and McBain, 
ibid., 1948, 52, 1471; Ross and McBain, Oil & Soap, 1946, 23, 214; Sheffer, Canadian 


Apparatus and Method.—The dielectric constants of these solutions of metallic 
soaps in benzene were determined by heterodyne beat method. The apparatus and its 
working have already been described in our previous paper (/oc. cit.). The refractive 
indices were measured with the help of Abbe’s refractometer and the densities by means 
of a specific gravity bottle. The calculation of dipole moment has been done by a 
straightforward application of the classical equation of Debye as also by the recent 


We have adopted the method of aqueous alcoholic double decomposition process in 
the preparation of the tri-soaps. The sodium soap was first prepared in butyl alcoholic 
medium It was next allowed to react dropwise with an inorganic tri-salt in aqueous 
medium, the precipitating medium being vigorously stirred during and after the reaction. 
The soap was then washed repeatedly with moderately hot distilled water, filtered and 


final product was dried in a vacuum oven at 50° and then preserved in a vacuum desicca- 
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The di-soap was prepared from the tri-soap by the method of soxhletting the tri-soap 
with acetone and finally taking the undissolved residue as the di-soap {McBain and 
Working, loc. cit.). This was dried in a vacuum oven at 50° and preserved in a vacuuin 
desiccator. On actual analysis the aluminium trioleate was found to contain Al, 
3.03% (cale., 3.08%) and the dioleate gave on alalysis Al, 4.55% (calc., 4.58%). The 
ferric stearate gave on analysis 7.91% iron as against 6.81 for tristearate and 8.53” 
for distearate. It was found completely free from chloride. 

For brevity only the final results are presented. The first column of Table I gives 
the dipole moment as calculated by Debye’s method. 


TABLE I 

Metallic Dipole moment (in Debve units) as calcnlated by the method of 

soaps Debye. Hoecker. Hedestrand Guggenheim 
Al oleate. 3-78 3.08 3-63 3.90 

Al dioleate 3.08 2.56 2.97 3.11 

Cr oleate. 4.36 4.63 _ 4.32 

Fe oleate 2.85 2.90 — 2.59 

Fe laurate 174 2.33 — 1.70 

Fe stearate 3.46 3.03 = 3.18 


DiscuSSION 


It would be observed that all the trivalent metallic soaps have fairly large dipole 
moments. Of the three oleates of chrom’um, aluminium and iron, the decreasing order 
of polarities is Cr>Al>Fe, thedipole moment of chromium being rather high (4.36 D) 
We presumed in our previous paper (loc. cit.) that the high polarity of the metaliic 
soaps is contributed in.a large measure by the large separation of charges owing to the 
centre of gravity of the negative charge residing deep inside the long hydrocarbon radical. 
The present data support the above view as it is observed that ferric laurate is much less 
polar than ferric stearate. 

The dioleate of aluminium is found to be somewhat less polar than the trioleate. 
This may be due to the fact that the trioleate is simply the dioleate with one molecule 
of oleic acid bound by hydrogen bonding. There is much controversy regarding the 
existence of tri-soaps. According to McBain and Mclatchie (J. Phys. Chem., 1932, 
36, 2567 ; J. Amer. Chem. Soc., 1932, 5%, 3266) only mono-and di-soaps exist whereas 
Lawrence (J. Inst. Pei., 1945, 31, 303) believes in the existence of mono-, di- and 
tri-soaps. Our data do not lead to any definite conclusion, as unless we know the 
spatial disposition of the bonds no conclusive evidence is possible from dipole moment 
considerations alone. 

That iron oleate has slightly a less dip>sle :nonent than stearate is understandable 
from the fact that double bond in oleate has a tendency to fold back the molecule, thus 
decreasing its extension in space. 

In the above discussion we have tacitly assumed that by the expedient of extra- 
polating to infinite dilution we have been able to eliminate the complication due to 
association of the soap molecules into micelles, but the probability exists that micelles 
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persist up to very low dilutions, though Gray and Alexander (ioc. cit.) have adduced 
evidence that aluminium soaps approach monodispersity at sufficiently dilute solution. 
So, these »-values should be taken as the minimum values for their dipole moments. 
Calculations by Debye, Hedestrand, Hoecker and Guggenheim Methods.—The 
calculations by Debye’s method, as we have done, is rather laborious and Hedestrand’s 


method is often used to minimise this labour. We have also caiculated by Hedestrand’s 
method afew cases to test the extent of agreemeut between the two methods. The 
resujts are given in Table il and the agreement is generally found to be good. 

in trying to apply Debye’s method of calculating P,o< by plotting P, values against 
/,, anomalous results were obtained in a few cases. Generally, polarisation of the solute 
molecule decreases with dilution in non-polar solvents. But in the case of some soaps 
such as aluminium oleate, aluminium dioleate and ferric stearate, we find that polarisa- 
tion increases nonlinearly with decrease of the concentration. Hence, to obviate the diffi- 
culty of extrapolating in the usual manner we have also followed Hoecker’s suggestion 
J]. Chem. Phys., 1936, 4, 431) who also met with similar anomalies and have plotted 
P.f, against f2, and have taken the slope of this curve as P,o<. 

In Table II are also given the values of 4, thus calculated by Hoecker’s method. 
It will be seen that the Hoecker values are always a little lower than the Debye 
values and thus Hoecker’s method is found to be able to counteract to some extent the 
difficulty in extrapolation by the Debye method where P, is found to abnormally increase 
with dilution. However, the agreement is generally not very good, and hetice we do 
uot attach much importance to Hoecker’s values in our cases. 

Guggenheim's method has two great advantages. Firstly, it needs density values 
of ordinary accuracy, say correct to within 1%, which is a great advantage in 
dealing with the volatile solvents. Secondly, the molecular weight of the solvent does 
not enter into the calculation, and hence, all types of solvents including solvent mixtures 
can be used. We have made calcu'ations according to Guggenheim’s method of plotting 
A/C where A= (e-n?} —(e,—n,") against concentration, C and finding the extrapolated 
value of S/C. The dipole moment is then caiculated according to the equation, 


c+o 
[3.T. (jiQc+o_ 


(eg +2) (n2 + 2) 





B>=0.0127 X oo 


The values of « thus obtained are also given in Table I. It would be observed 
that in all cases the agreement between the Guggenheim and the Debye value is excellent 
considering the uncertainty of extrapolation. 


Tas.e JI 


Ferric oleate in mixed solvent at 26.5 


Aleohol. Solute. € n?, e—n? d. CX 10? Slope. up. 


(in weight ° 


o%, oO 2.270 2.2437 263 
1.900 2.2866 2.2416 .0450 0.8728 1.842 
2.327 2.2911 2.2413 0498 8732 2.257 10.98X10? — 2.96 
2.983 2.2986 2.2410 .0576 8738 2.896 


.0697 








Alcohoi. 
(in weight 


1.941 


4.992 


Rep 
0.0 7 


13.920 


Effect of Addition of Small Amounts of Hydroxylic Solvents.—It is a well known fact 
cit., Ruegenberg, J. Phys. Col. Chem., 1948, 52, 1444 

that soaps like ferric stearate or aluminium oleate tend to form a thick gel in anhydrous 
hydrocarbon solvents, but in presence of traces of moisture or small quantities of alcoho! 
such thick gels are easily reduced to free flowing homogeneous fluids. 


(cf. Gray and Alexander, loc. 
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‘TABLE II (contd.) 


e—n?. d. 
), 1061 — 
.1620 0.8704 
1681 .8706 
1833 8708 
2059 8714 
3228 — 
3957 8682 
108 8586 
4288 8700 
1571 8708 
) 1953 — 
5403 8628 
£522 .8636 
5822 8452 
6343 8678 
.6990 
-7754 0.8616 
.7895 8636 
.8310 .8650 
8711 .8668 
0.94°7 — 
0.9988 0.8640 
0147 8652 
0216 .8654 
405 .8660 
4892 oa 
5117 05574 
5343 .8592 
5524 8612 
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Cx 1035. 


Slope. 


18.6 x 10? 


29,52 X 10? 


27.60 x 10? 


17.41 ¥ 10? 


observations are on record but the phenomena have received littie scientific study. 


} 


It is believed and also has been demonstrated in a few cases (Gray et al., lo 


cules. 





These simpler units should be expected to have higher dipole moments. 
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Many such 


cit, 
McBain and Working, /oc. cit.) that metallic soap solutions in pure hydrocarbon solvents 
contain micelles about the structure of which little is known and the addition of hydroxy- 
lic solvents helps in breaking down these micelles into simpler units, usually the mole- 


Hence , 
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here is a chance of testing the above hypothesis of micellar breakdown by dielectric 
coustant and dipole mo:nent measurements. However, it is rather dificult to calculate 
the dip2le moments in such mixed solvents by Debye’s method of calculation, as 
such calculation involves the molecular weight of the solvent. Fortunate y, however, 
Guggenheim’s new method of calculation does not require the molecular weiglit of the 


Fig. 1 
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Atcohol in wt. %. 
In Fig. 1, the dotted curves represent the variation of dipole moment with the variation of the alcohol 





content (in weight percent) in mixed solvent, whereas the variation of slope with the change in the 
strength of alcohol in the mixed solvent is indicated by the solid curve. 
A and A’ refergto ferric oleate, whereas B and B' refer to Al-oleate and C’ refers to chloroform. 
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this for 


solvent and presumbly is applicable to solvent mixtures also. We have done 
two trivalent soaps, e.g., oleates of iron and aluminium. These soaps dissolve in 
benzene to form thick solutions and the viscosities of these solutions are lowered by 
addition of smail quantities of alcohol. We have prepared a series of mixed solvent: 
containing small proportions of alcoho! and each of these solvents was used for dipol 


moment measurements by Guggenheim’s method. The results are presented in Tables 
II and II and graphically represented in Fig. 1, where we have plotted the slope o/ 
the (e-n*) against C curve for solvents containing varying proportions of alcohol. Ii 
would be noted that according to Guggenheim the slope of the e-n® versus C curve is 


proportional to the square of the dipole moment as given by the equation, 





- A/ 37 slope 


p=0.0127 XI0 (e,#2)(n, + 2) 


TABLE III 


Alumininm oleate in mixed solvenis at 22.5°. 


Alcohol. Solute. €. n?, e—n?. d C x 10°. Slope. Mp 
(in weight %). 

0% o 2.2700 2.2350 0 0350 — o 14.5 * 10? 3-39 
1.877 2 2045 2.2299 .0646 0.8712 1.877 
2.387 2.2987 2.2293 0694 8716 2.389 
3-435 2.3081 2.2290 .C7Q1 .8732 3.443 

0.9367 fe) 2.3190 2.2443 0.0747 eave 0 
1.588 2.3420 2.2431 0989. )=— «0.8734 1.592 
2.189 2.3517 2 2425 .1092 8740 2.196 15.27 X10? 3-45 
3-000 2.3615 2.2419 1196 .8750 3.014 
3.896 2.3742 2.2413 -1329 .8766 3.921 

2.188 Oo 2.3765 2.2366 0.1399 -- o 
1 552 2.4014 2347 1667 9.8694 1545 
1.916 2.4082 2.2341 -1741 8712 1 916 17.31 * 107 3-95 
2 457 2.4162 2.2335 .1827 8720 2.460 
3.163 2.4264 2.232 -1935 8730 171 

4.412 ) 2.5385 2.2273 0.3112 — 0 
1.310 2.5646 2.2264 3382 0.8714 1.310 
1.588 2.5715 2.2261 -3454 .2719 1.589 21.5 x 107 4.00 
2.078 2.5819 2.2258 3561 -8722 2.081 
2.697 2.5928 2.2255 .3673 .8740 2.705 

4.860 Oo 2.5917 2 2250 0.3967 — Oo 
1.642 2 6212 2.2243 .3069 © 8678 1.635 
2 132 2.6405 2.2240 1155 8686 2.126 24.1 * 10? 4.21 
2.932 2.6580 2.2237 4343 8702 2.929 
3-734 2.6786 2.2234 1552 8722 3-738 

5.841 2.6875 2.2210 0.4665 _ ° 
1.569 2.7297 2.2201 .5096 0.8660 1.599 
1.955 2.7390 2.2198 .5192 8670 1.946 26.6 x 10? 4.38 
2.384 2.7526 2.2195 5331 8680 2.375 
3.286 2.7676 2.2192 5484 8688 3.276 
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We have taken in these calculations, following Guggenheim, the extrapolated values ol 
«and n* at C=o as € and n,” respectively, 

The slope as shown in Fig. 1 rises sharply with small addition of ethyl alcohol. 
This leads to the conclusion that micelles exist in benzene solution and are broken 
down by addition of small quantities of hydroxylic solvents. In fact, the slope of the 
‘e-n®) against ‘C’ curves increases to over three and a half times its values in the case 
of iron oleate, and nearly twice in the case of aluminium oleate which means that the 
calculated dipole moment increases by about 90% and 45% respectively. It may well 
be, however, that the individual trioleate molecules are solvated by the polar alcohol 
molecules and remain as such in solution and the increased dipole moment is at least 
partly owing to this cause. Hence, it is not possible to state definitely if the maximum 
dipole moment value corresponds to the true value of the tri-soap or is the value for 
the solvated soap, and pending such information we accept the values in pure benzene 
extrapolated to infinite dilutions as given in Table I. 

That such a solvation of the soap molecules is quite likely to happen follows from 
the views of Gray and Alexander (loc. cit.) who point out that addition of bases and 
‘donor’ solvents reduces the viscosity of aluminitm soap, presumably by breaking the 








mutual attachment between molecules in aluminium soaps by the donor addition of 
the additive, the self-saturation of the di-soap being represented as 


H H 
| | 


—Al——O->Al——_O—> .... .. . 


As aluminium has an unfilled orbital, it is conceivable that more linear chain forma- 
tion takes piace in this case than in the case of iron, whereas more cluster formation 
takes place in the latter case. This may account for the much higher increase in dipole 
moment in the case of iron oleate by the addition of alcohol. The existence of two 
different types of micelles for a given soap in non-aqueous systems, one having an 
extended structure and the other being approximately isodimensional, have been surmised 
on experimental grounds by Arkin and Singleterry (J. Coll. Sci., 1949, 4). 

As it is known ‘cf. Geary and Miller, J. Electrochem. Soc., 1950, 97, No. 2; Gu- 
R’yanova, J. Phys. Chem. USSR., 1947, 21, 633; Kumler et. al., J. Amer. Chem. Soc., 
1941, 63, 2182) that dipole moments change with change of solvent, sometimes as 
high as o.5 units on going from benzene to dioxane, we tried to ascertain if any such 
change happens with ordinary polar compounds by using such solvent mixtures. For 
this purpose we used chloroforin as a solute and found that the dipole moment increased 
only slightly with small addition of alcohol and thereafter remained steady, with further 
addition of alcohol within the limit of uncertainty of experimental data and graphica’ 
calculation by Guggenheim’s method. This is also graphicaliy represented in Fig. 1 
as the dotted curve. This shows that such pronounced change in the observed dipole 
moment is not due to a mere change in the solvent medium used. 

It would also be observed from Fig. 1, that the curves show a pronounced peak 
which means that with gradually increasing quantities of alcohol the calculated dipole 
moment increases to a maximum and thereafter falls first slowly and then rapidly tending 
6~—1801P—3 
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to fall below the original value. The explanation of such a fall is that alcohol being 


a non-solvent for these metallic soaps causes association or incipient coagulation of the 
soap molecules which are now again present as clusters or micelles. Ii the percentay¢ 
of alcohol be further increased the solute would precipitate out. ‘This shows that th: 
process of precipitation by addition of a non-solvent starts out on a molecular scale long 
before discernable turbidity occurs. 

The maximum for ferric oleate occurs at 7.5 weight per cent alcohol, whereas fo: 
aluminium oleate the maximum occurs at 5.6 weight percent alcohol. This probably 
means that the aluminium soap micelles are more easily broken down by alcohol thai 
those of the iron soap. However, the maximum is much steeper in the case of iron oleate, 
an unequivocal interpretation of which is not possible at present, but it seems that 
Guggenheim’s method has opened the possibility of obtaining more definite information 
about the mutual interaction between different moleculesin a solvent mixture than has 
been hitherto possible. 
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ESSENTIAL OIL FROM HYPTIS SUAVEOLENS, POIT 
By U. G. Nayak anp P. C. Guna 


The oil was found to distil between 155° and 270°. The low boiling fractions contained chiefly 
l-sabinene and /-limonene. The sesquiterpene fraction contained chiefly of an azulene yielding sesquiter- 
pene. The compos tion of the oil comprises /-sabinene (31 %) d-limonene (12%), azulenic sesquiterpene 

17%! and unident fied sesquiterpenes and sesquiterpene alcohols (40%) 

These unidentified sesquiterpenes and alcohols probably belong to the azulene vielding sesquiterpene 
group as all the fractions viz.,6 7,8,9 and 10 in Table III gave a deep blue coloration with bromine 
in glacial acetic acid 


Hypiis suaveolens (Kirtikar and Basu, “Indian Medicinal Plants’’, Vol. III, 1933, 
)). 2032) is a tall, coarse branched, very sweet smelling herb with obtusely four-angled 
stems. It has got smail blue flowers and it is often mistaken for the Ocimum species. 


In Oriya it is known as “‘Gangatulsi’’ and to the Javanese the plant is known as ‘“‘daon 








roerokoe oetan’’ (Gildmeister and Hoffmann, ‘“The Volatile Oils’ ,Vol. III, 1922, p. 573). 
it is distributed throughout tropical America and was later on introduced into tropical 
Asia. As regards its use in native medicine, the plant is pounded and applied to parasitica! 
cutaneous diseases (cf. Campbell ; Kirtikar and Basu, loc. cit}. In Brazil, an infusion is 
used as a carminative and as a sudorific in catarrhal conditions. It is occasionally used 
in dry condition as an adulterant of Patchouli leaves (Gildmeister et al., loc. cit.). 



















Steam-distiilation of the Oil from ‘“‘Hyptis Suaveolens”’ 


About 1600 Ibs. of the green leaves, twigs and flowers of the plant were steam 
distilled and about 4vo g. of the oil were obtained. The raw material was collected 
here in the months of September and November during which months the plant flourished 
in Bangalore. It was observed after steam distillation that the yield of the oil 
from the raw material collected in November to be more than that in September. The 
yield of the oi! on an average was calculated as 0.06%. The stems and stalks 
contained very little oil. On drying an appreciably smailer yield was obtained, indicating 
a loss of oil during drying. 


= Tasie I 
Period of the year. Wt. of raw material. Yield. Yield on wet herb. 
21-9-10948 165 Ibs. 35-5 8: 0.049% 
22-9-1948 175 43 0.055 
23-9-1948 17° 42 0,052 
26-9-1948 177 33-5 0.042 
28-g-1948 189 40 0.049 
25-11-1948 160 54 0.075 
26-11-1948 1g! 53 0 062 
29-11-1948 162 58 0.079 
30-11-1948 165 57.2 0 077 


The yield of the oil was not so poor considering that obtained by Bacon 
(Philppine J. Sci., 1909, 4A, 130; 1922, HUI, 573). From 200 kg. of this plant, 
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which is known as, in the Tagal language sub-cabayog, in the Philippines. Bacon 


obtained only 27g. of the oil, the yield being only 0.0135%. Upon distillation 
in Buitenzorg, (cf. Bacon, loc. cit.) the fresh herb yielded 0.025% of the oil. ‘The 
following table gives the comparative values of the analytical constants observed by us 
and that observed by Bacon. 


TABLE II 
Observed by the present authors. Observed by Bacon in Java 

1. Colour Greenish yellow Greenish 

2. Yield 0.06% 0.0135% 

3. Sp. gravity 0.8824 at 24° -- 

4. Ref. index 1.4848 at 25 - 

5 Opt. rotation —4°.1 at 25° —16°, 18 

6. Sapon. value 6.23 14 

>, Sapon. value after acetyijation 49-35 31.7 

8. Acid value 0.2 0.7 

It seems that the oil distilled in Java had a powerful odour of pepperimint and had 

a decided odour of menthol (cf. Bacon, Joc cit.) which seems to have been confirmed 


by investigations to be the chief constituent of the oil. But the oil, distilled by 
the present workers did not have any pepperiment odour nor contained any menthol 
which was confirmed by estimating it by Jones and Fang’s improved method 
(Ind. Eng. Chem. Anal. Ed., 1946, 18, 130) for the estimation of menthol (vide 
experimental). On fractionation, no fraction containing menthol could be obtained. 
The presence of menthol has been reported by Bacon (loc. cit.} without any mention 
of the actual menthol content of the oil. The high optical rotation of the oil observed 
by Bacon need not be necessarily due to high /-menthol content. ‘he low laevo 
rotation of the oil observed by us seems to be due to the presence of d-limonene. 


Fractionation of the Oil under Reduced Pressure 


The oil of ‘Hyptis’ was found to be distilling between 155° and 270° at 685 mm. 
with slight decomposition. Hence, it was found necessary to fractionate the oil carefully 
under reduced pressure and about ten fractions were collected. 

Fractions 2 and 3 were purely hydrocarbon fractions and comprised chiefly 
l-sabinene which was confirmed by the preparation of terpinene dihydrochloride, m.p. 
52° and sabenenic acid, m.p. 57°. 

Fraction 4, also consisted chiefly of a hydrocarbon, was found to contain chiefly 
d-limonene which was confirmed by the preparation of the dipentene dihydrochloride, 
m.p. 50°, d-limonene tetrabromide, m.p. 104° and a-nitrosochloride, m.p. 103-104°. 

Fraction 5, which was a sesquiterpene fraction, did not yieid any solid derivative. 
But by dehydrogenation with selenium, it yielded an azulene whose picrate melted at 
122°. The yield of the azulene was quite poor and the fraction obtained was also not 
quite sufficient to identify it. 


ExPERIMENTAL 


Oil of Hyptis, distilled in Java, was reported to contain menthol. So with a view 
to estimating the menthol in the oil, distilled in our laboratory, Jones and Fang’s (loc. 














n 


n 











ESSENTIAL OILS FROM HYPTIS SAUVEOLENS 185 





cit.) improved method was adopted with 0.6886 g. of the oil, 0.5796 g. of C.P. acetic 
anhydride and o.5 g. of pure pyridine. The solution was titrated with 0.9874 N/2- 
NaOH solution. ‘The solution required 39.15 c.c. of o.9874 N/2- NaOH solution. 


A blank titration was also carried out under similar conditions to determine the volume 
of standard base required to neutralise the acid liberated from 1 g. of acetic anhydride. 
This titre value gave 67.6 c.c. of 0.9874 N;2- NaOH. Also another sample of the oil was 
taken to determine the acid value of 0.6886 g. of the oil, which was almost negligible 
in our case. The percentage of free menthol was then calculated by the formula used by 
Jones and Fany (loc. cit.) and was found to be 3.359. This value was not so encourag- 
ing as to give a definte proof for the presence of free menthol in the oil. Further, 
on fractionation of the oil no definite fraction containing menthol could be obtained. 
The value for the percentage of menthol might be due to some free terpene alcohols 
which might have been present in the oil. 

Fractionation of the Oil under Reduced Pressure.—About 307 g. of the oil was 
fractionated carefully under reduced pressure using 21 inches long Vigreux column and 
as many as ten fractions were collected and their analytical constants noted as in Table 
{ll. After distilling off the fractions 1, 2, 3, 4 and 5 the oil fractionated not only had 
a yellowish colour but was having a smell of decomposition. Hence, attention was drawn 
only towards fractions 2, 3, 4 and 5 to detrrmine their chemical constituents. 


Tas.e III 


Fractions. Yield. 23 23 23 Sapon. Sapon. value Colour. 
das "Mp. (a]> value. after acetyln. 

I. 45-50°/19 mm. 10.2 g 0.85904 1.4682 — 36°.45 741 _ Colorless 
2 §0-60°/17 20.8 0.85120 1.4662 —32°.24 3-79 4-3 - 
3. 60-65°/17 74.4 0.85167 1.4572 —38°.16 2.46 4.8 o 

$. 65-75°/17 36 0.85632 1.4764 +71°.16 3-4 _ - 
§- 1201-32°/10 55.1 0.91047 1.4999 —11°.84 . _ a 
6. 130-142°/10 16.0 0.91368 1.5008 + 1°.32 15-71 33-89 Yellowish 
7. 115-130°/3-4 15-5 0 92608 1.5010 + 3°.80 27.62 89.5 ¥ 
8. 144-155°/4 14 0.94123 1.5080 —21°.18 4722 = 110.6 a 
9. 155-180°/4 13 0.95108 1.5203 —34°.15 16.8 86.1 od 
10. 180-185°/4 16.8 0.96408 1.5291 —54°.52 98 726 °° 


Fractions (2) and (3).—Fractions 2 and 3 were almost purely hydrocarbon fractions 
and were mixed together and fractionated again at atmospheric pressure and two 
fractions were collected. 


TABLE IV 
4 ceo: re as > 
Fractions. Yield. d33: Se « [a)> 
I. 1§8°+159°/685 mm. 14.4 8. 0.8462 gas a4 
2. 159°-160.5°/685 56.1 0.84837 1.4693 —31°.4 


The fraction 159°-160.5°/685 mm. was then distilled over Na and had the following 
constants:—b.p., 159°-160.5°/685 mm., d3$3, 0.8409; n>, 1.4645; [«]>, —30°.28 and 
and -63°.7 with 20% solution in chloroform. Both the fractions 1 and 2 in Table IV 
gave no nitrusochloride or bromide but with dry HCl gave terpinene dihydrochloride, 
m.p. 52°, and oxidation gave sabenenic acid, m.p. 57°. Thus the fractions 2 and 3 


were identified as l-sabinene. 
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Fraction (4) also containing chiefly a hydrocarbon was again fractionated at 
685 mm. pressure and two fractions were collected. 


TABLE V 
Fractions Yield. bee 26 2: Sapon. Acetyl 
és. OL . fa]. : ; 
. : value. value. 
171°-172' 6g. 0.8506 1.4701 +-76°.1 — 
172°*174 20 0.8492 1.4721 +82°.6 _ ~ 


The fraction 172°-174°/685 mm. was again’ fractionated over metallic sodium and 
was collected. It had the following constants:—b.p., 172°-173.5°/685 mm; ns, 
1.4710; d$§, 0.84728; [a]¥, +83°.4. 

This fraction gave with amyl nitrite, acetic acid and hydrochloric acid a nitroso- 
chloride, m.p. 103°-104°. With dry HCl it gave dipentene dihydrochloride, m.p. 80°. 
With bromine in glacial acetic acid it gave a tetrabromide, m.p. 104°. Thusthe hydro- 
carbon was characterised as d-limonene. 

Fraction (5).—Fraction 120°-130°/10 mm. was fractionated again into two fractions 
as in Table VI. 

Taste VI 


Fractions. Yield. d? n??. [a]?! 


125°-127°/10 mm. 16.2 g 0.8912 1.4979 -6°.2 


127°-128°/19 35-1 0.9095 I 4997 —2 .36 


wn 


The fraction 127°-128°/10 mm. was refractionated over metallic sodium and it had the 
following constants:—b.p. 127°-128°/10 mm., 433, 0.9085; n>’, 1.49091; [a] 4°,—2.°26. 

This hydrocarbon was found to be a sesquiterpene by determining its molecular weight 
and combustion values. With bromine in chloroform solution it first gave a colorless 
solution which on standing changed to green, blue and finally violet. Also with bromine 
in acetic acid it first gave a colorless solution, then green and finally biue. On dehy- 
drogenation with selenium by the Diels and Karsten’s method (cf. Fieser, “‘Experi- 
ments in Organic Chemistry’’, 1941, Pp. 456) it gave a deep blue liquid which 
with picric acid gave a picrate, m. p. 122°. (mixed m.p. with picric acid was 
lower than 122°}. hough the analytical constants of the sesquiterpene agree with 
that of l-guaiene, still it could not be confirmed as the yield of the azulene after dehydro- 
genation was poor and also the material in hand was insufficient to do any characteri- 
sation of the same. 
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STUDIES IN ION EXCHANGE. PART I. STUDIES OF THREE SYNTHETIC 
CATION-EXCHANGE RESINS 


By H. A. SHAH AND S. IL. BAFNA 


Three synthetic cation-exchange resins, Amberlite IR-100, IR-105 and IR-120, have been studied 
with a view to comparing the nature of the ionogenic groups and the results for replaceable hydrogen 
btained by different methods. 


The phenomenon of ion exchange had been recognised more than a hundred years 
ago (Thompson, J. Roy. Agrl. Soc., 1850, 11, 68; Way, ibid., 1850, 11, 313; 1852, 
13, 123). However, substantial progress in this field has been possible only after the 
observation that certain synthetic organic resins are capable of exchanging ions (Adams 
and Holmes, J. Soc. Chem. Ind., 1935, 54, 17; British Patents, 450,308-9, 1936; 474,361, 
1937; Bhatnagar and co-workers, this Journal, 1936, 13, 679; 1930, 16, 249,261; 1940, 
17, 361 ; 1941, 18, 447). Since then, the methods of resin synthesis have undergone 
considerable development and the synthetic ion-exchange resins are now commercial 
commodities with manifold applications in diverse fields. 

Ion-exchange resins are high-polymeric, cross-linked structures containing ionogenic 
groups; the knowledge of the nature of the exchange groups and the available exchange- 
able ions under known conditions constitutes one of the requirements for the characteri- 
sation of the ion-exchange resins. If the exchangers are in the hydrogen or 
hydroxyl form, the titration curves can be utilised to get the above mentioned 
information. Hissink (Trans. Faraday Soc., 1924, 20, 551) and Mattson (Soil Sci., 
1940, 49, 109 and previous papers) have applied this method to the study of soils and 
clays. Griessbach ‘Beih. Z. Ver. deut. Chem., 1939, 31, 1) was one of the early 
workers to study the titration curves of several exchangers, showing the differences 
between the different types of groups. Gregor and Bregman (J. Amer. Chem. Soc., 
1948, 70, 2370) and Topp and Pepper (J. Chem. Soc., 1949, 3299) constructed the titra- 
tion curves of a series of ion-exchange resins containing known ionisable groups. A 
good amount of work from this point of view is also available on several commercial 
ion-exchange resins (Mukherjee, Sen Gupta and Bhattacharyya, this Journal, 1950, 27, 
156; Heymann and O'Donnell, J. Coll. Sci., 1940, 4, 305; Kunin and Barry, Ind. 
Eng. Chem, 1949, 44, 1269; Kunin, -Inal. Chem., 1949, 21, 87; Bauman, Ind. Eng. 
Chem., 1946, 38, 46; Bauman and Eichorn, J. Amer. Chem. Soc., 1947, 69, 2830; 
Gupta, Science and Culture, 1950, 15, 325). 

These studies have shown that the curves for different types of groups are character- 
istic, the apparent ionisation constant ‘px) is approximately 2, 5-6, and 10 for the sulpho- 
nic, carboxylic and phenolic resins respectively (Kunin and Myers, “Ion Exchange 
Resins’, 1950, Chap. V) and the ionic character of the group is the same in the resin phase 
as it is in a simple organic compound (Ed. Nachod, “Ion Exchange, Theory and 


Practice’, 1949, p.47). ‘The exchange capacity of weak exchangers is considerably affec* 
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ed by /» for which different relations heve been »roposed (Griessbach, Joc. cit., Gapon, ] 
Gen. Chem. USSR., 1943, 18, 382; Mukherjee and Mukherjee, Nature, 1945, 155, 40; 
Kunin and Myers, loc. cil.}. For the cation exchangers, the effect of ionic strength 
or the base on the titration curves also indicates that the titration curve is not simply th« 
reaction (Kunin and Myers, loc. cit.), 

OH-~ +H* —H,O 
but a combination of the two reactions: 

HR + M* —> MR + H* 
OH~ + H* —> HO. 


The available replaceable hydrogen of the cation exchanger in the hydrogen form 
therefore would depend on factors like fu, ionic strength, base, etc., and the titration 
curves can be used for the capacity estimation under specific conditions. 

The capacity, due to strongly acidic groups, e.g. of sulphonic type of the cation 
exchangers in the hydrogen from has also been estimated by other methods including (a) 
the determination of ash from the metallic salt form of the exchanger, {b) the estimation 
of limiting exchange value with salt solutions, ‘c) the estimation of sulphur in the 
exchanger (Heymann and O'Donnell, Joc. cit.) and (d) the determination of the acidity 
of the effluent when the hydrogen form of the exchanger is exhausted by passing a 
salt solution (Kunin and Myers, loc. cit., Chap. 11). 

With a view to comparing the results obtained by the different methods, we have 
studied the three synthetic cation-exchange resins, commercially known as Amberlite 
IR-100, Amberlite IR-r05 and Amberlite IR-120, manufactured by Resinous Products 
and Chemical Division, Rohm and Hass Co., Philadelphia Pa. 


EXPERIMENTAL 


Amberlite IR-100 and IR-105 are synthetic cation exchangers with principal exchange 
groups of sulphonic and hydroxyl type in the granular and the bead forms respectively. 
Amberlite IR-120 is an unifunctional synthetic cation exchanger in the bead form with 
exchange groups of the nuclear sulphonic type. All the three exchangers were supplied 
in the form of Na salt in the moist, fully swollen condition. 

The chemicals used for work on titration curves were A.R. and for other work were 
C.P. Distilled water was used. 

The resin was soaked iu distilled water and transferred toa glass column with sin- 
tered glass funnel of suitable porosity fused at the bottom. The resin was allowed to 
settle down and then back-washed to about 50% bed expansion to remove the fines. 
A large quantity of hydrochloric acid (5% for Amberlite IR-100 and 10% for Amberlite 
IR-105 and IR-120) was passed slowly. The resin was then washed free of chloride ions, 
exhausted with sodium chloride solution (amount and strength equivalent to that of 
hydrochloric acid solution) and washed again. The cycle of regeneration and exhaustion 
was again repeated twice. Then the regenerated (hydrogen) form was finally washed 
till free of chloride ions, the px of the effluent being about 4-5. The resin was taken out, 
air-dried (ash=o0.0%) and stored in a glass bottle with a ground glass stopper. The 
hydrogen form is further denoted by putting ‘H’ after the name of the resin. 
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Moisture.—-Known amounts (about 1-2 g.) of air-dried resins were taken in weighing 
bottles with ground glass stoppers. The stoppers were removed and the samples were 
dried at 105° + 2° in an electrically heated air-oven. ‘The stoppers were put on, the 
bottles cooled in a desiccator, and weighed. ‘This was repeated to a constant weight and 
then the moisture in the air-dried resin was calculated. The results were within 0.1%. 

Titration Curves.—The air-dried hydrogen form of the resin (0.50 g.) was added to 
each of a series of bottles with ground glass stoppers ‘capacity about 60 c.c.) and con- 
taining 50 c.c. of sodium hydroxide solution o° different concentrations, with a fixed 
concentration (N/20) of sodium chloride. The bottles were allowed to stand for 24 hours 
at room temperature (30° + 2°) with intermittent shaking. It was found by preliminary 
experiments that the equilibrium was reached in 24 hours and the temperature coefficient 
of the reaction between o° and 40° was practically nil (cf. Meymann and O'Donnell, 
loc. cit.j}. Then the liquid was decanted off and a portion analysed for acidity or alka- 
linity by titration against standard sodium hydroxide or hydrochloric acid solution. The 
Pu of the decanted liquid was measured with a Beckman type px meter, except in the case 
of strongly alkaline solutions which were calculated from titration readings. The 
calculated cation uptake/g. resin was plotted against fu to get the curves. 

Ash from the Salt (Barium) form.—The resin in the hydrogen form was back-washed 
with distilled water and then exhausted with a large excess of 10% barium chloride 
solution (till the efluent was free from acidity). The resin was then washed free of 
bariam ions and chloride ions, air-dried, bottled and moisture content was determined as 
given before. Known samples were ignited in porcelain crucibles {pre-heated to a constant 
weight) first gently and then strongly, When the ash was white the crucibles were 
cooled, and a drop of A. R. sulphuric acid was added, and again carefully heated, 
cooled in a desiccator and weighed. This was repeated to a constant weight. From 
the weight of the ash (within + 1%) as BaSO, the capacity could be calcuiated. 

Limiting Exchange Value.—Normal barium chloride solution ‘50 c.c.) was taken 
in a stoppered bottle (capacity about 60 c.c.) and air-dried hydrogen form of the resin 
lo.50 g.} was added. After 24 hours of intermittent shaking at room temperature 
(30° +2°) the liquid was decanted and acidity in a portion determined by titration. 
The blank was carried out with distilled water. The amount of the acid liberated 
gave the capacity of the resin. 

Capacity by the Dynamic System.—The air-dried hydrogen foim of the resin was 
back-washed in the column, and sodium chloride solution was passed slowly. Equal 
known volumes were collected and titrated for acid with standa:d caustic soda solution. 
The total acidity then obtained gave the capacity of the resin taken. 


DIscUSSION 


Curve A in Fig. 1 gives the titration curve for the Amberlite IR-100H with 
N/20 sodium chloride. The curve indicates that the active groups at low px are of 
the sulphonic type (Amberlite IR-100 H contains methylene sulphonic groups) and above 
bu 1010.5 those of hydroxyl type are also active. Curve B gives the titration curves 
for Amberlite IR-105H with similar conclusions. Curve C gives the titration curve 
7—1801P—3 
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obtained similarly for Amberlite IR-120H and indicates that the resin is unifunctional 
with active groups of the sulphonic type. These curves are similar to those of the 
previous workers (loc. cit.). The titration curves had also been obtained in the absence 
of added salt (Shah and Bafna, Curr. Sci., 1951, 20, 38), and the observed deviation 
in the case of Amberlite IR-120H (cf. Topp and Pepper, loc.cit.) may be due to the 
fact that px measurements of the supernatant solution without the addition of added 
salt, and in the absence of the resin particles, is markedly influenced by the electrolytes 
adsorbed on the glass electrode, due to the absence of the buffering action in the 
supernatant solution ‘Kunin, R., private communication). ‘Ihe curves are in agreement 
with the fact, mentioned before, that the exchange capacity of the resins depends on 
the ionic strength at the same pu. 

Table I gives the results for the available repiaceable hydrogen iu milli-equivalents 
per gram of bone-dry resin (dried at 105°+2°}, obtained by the different methods. 
The values for % sulphur and theoretically calculated values from these, are those given 
by Kunin (loc. cit.) and are included for comparison. 


"TABLE I 


‘ , . . ° . . 
[ ‘a’ denotes the capacity in milli-equivalents per g. of bone-dry resin. ] 


IR-100H. IR-105H. IR-120I]. 
% Moisture in the air-dried resin 21.1 29.2 280 
‘a’ by titration curves 1.71 2.60 4.58 
‘a’ by ash from Ba salt of the resin 1.67 2.60 4.63 
‘a’ by limiting exchange value with BaCl, 1.55 2.62 4-62 
% Sulphur 5.4 81 14.4 
‘a’ cale. from %S 1.73 2.60 4.62 


Figures 2 and 3 give, for Amberlite IR-100H, the plot of the sample number of thie 
effluent against the c. c. of alkali required for titration of the sample. The experimental 
data for them are given in Table II. 
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TABLE II 
Experimental data for 
Fig. 2. Fig. 3. 

Length of the column (Pyrex) 93.7 cm. 93-7 cm 
Volume of the column 636c c. 636 c.c. 
Wt. of Amberlite IR-100H on the basis of 144.3 g- 144.3 g. 

oven-dry resin 
Bed volume 374 C.C 374 C.c. 
Voids 152 C.c. 15§2¢.c 
Bed length 56cm. 56 cm 
Influent (sodium chloride) N N/100 
Rate of effluent 3 ¢.c./min. 80 c c./min 
Volume of one effluent sample 50 C.c. 1055 C.C. 
Ne. of samples collected 40 32 
Alkali used for titration N/18.25 N/18.9 
Maximum acidity in the effluent 0.9451 N 0.0100 N 
Total capacity calculated in m.eq./g 1.73 1 69 

bone-dry resin 
Break-through capacity calculated in m.eq./g. _ 1.21 

bone-dry resin 





The results obtained above indicate that the capacity obtained for the sulphonic type 
groups for the mentioned resins by the various methods are comparable. 

The authors wish to express their thanks to Prof. J. W. McBain, F.R.S., Director, 
National Chemical Laboratory for the sampies of the resins Amberlite IR-105 and IR-120 
for this work and Mr. K. P. Govindan for assistance in carrying out the experiments for 
capacity determination in dynamic system. 


NaTIONAL CHEMICAL LARORATORY, R eceited August 10. 10951 
POONA 7. 
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SOME TRIHALOGENATED NITROBENZENES AND THEIR 
DERIVATIVES. PART I 


By SHIAM SUNDER JOSHI AND RAMESHWAR SWARUP GUPTA 





Preparation of five different 1 :2:4-trihalogeno-3 :5-dinitrobenzenes and their derivatives with ammo- 
nia, aniline, p-toluidine, piperidine and o-aminophenol has been described. 


Halogen atoms present in the benzene nucleus are usually quite firmiy attached, 
but if they have even two nitro groups either in both the o- or in the op-positions with 
respect to them, they become sufficiently reactive. By the direct nitration of trihalo- 
geno beuzenes, trihalogeno dinitrobenzenes of the formula shown below have been 








obtained, 
xX 
AN\x 
me § ¥ be 
. 3 
(where X is a chlorine or bromine atom). In these compounds two of the lialozen atoms 


have been found to be quite reactive; their activity does not appreciably decrease even 
after the replacement of one of them by the amino and other groups 

o-Aminophenol, however, reacts with only one of the halogen atoms and subse- 
quently, with the removal of the adjacent nitro group, yields a phenoxazine derivative. 
In the case of 1:4-dichloro-2-bromo-3:5-dinitrobenzene, o-aminophenol removes the bromine 
atom of position 2, to form 1:4-dichloro-3-vitrophenoxazine, though usually a halogen 
atom, which has two nitro groups iu both of its o-positions, is more reactive than the one 
which has the nitro group in its op-positions (Borsche, Ber, 1917, 50, 1922). In all 
other cases the halogen atom in position 4 reacts; the phenoxazine derivative that is 
finally formed may have either structure (I) or (II) according as the nitro group of 
position 3 or 5 is removed. 


X OH 





f° \Ax a tae “\nn, ~S% °\Ax 
| | | | ON = | | | “— | | Ix 
\na 7 NO, ¢ ¥ = oe “\Xo. 

(I) (II) 


EXPERIMENTAL 


1:2:4-T rihalo-3:5-dinitrobenzenes.—The appropriate trihalobenzene (10 g.) was 
treated in cold with a sufficient quantity of a mixture of fuming nitric acid ‘d 1.50, 28 c.c.) 
and concentrated sulphuric acid ‘d 1.82, 42 c.c.} and heated on a water-bath for about 
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6 hours, then cooled and poured on crushed ice when the product solidified. It was 
crystallised from aicohol or glacial acetic acid. ‘The results of these preparations and 
relevant information about the compounds obtained are given in Table I. 


TABLE I 


Expt. No. Hatobenzene used Halonitrobenzene obtained. M.p. Analysis. 
1. 1:3 :4-Trichlorobenzene 1:2 :4-Trichloro-3 :5-dinitrobenzene 102° Found :Cl, 39.35 
(CgHON,CI,) Cale. 309.15‘ 
2. 1 :2-Dichlcro-4-bromo 1 :2-Dichloro-4-bromo-3 :5-dinitro- 112° Found:Cl+Br, 47.82% 
benzene benzene (CsHO,N2CI,Br) Cale 47.74%. 
3 1 :4-Dichloro-2-bromo- 1 :4-Dichloro-2-bromo-3 : 5-dinitr 124° Found :C!+Br, 47.85% 
benzene benzene (CgHOyN,ChBr) Calc. 47.74%. 
4. 2 :4-Dichloro-1-bromo- 2 :4-Dichloro-1-bromo-2 : 5-dinitro- 110° Found :Cl+Br, 47.86 
benzene benzene( CgFOyNoClyBr) Calc. 47.74 
a 1 :4-Dibromo-2-chloro- 1 :4-Dibromo-2-chloro-3 :5-dinitro- i 2 Found :C1l+Br, 54.52 
benzene benzene (CgHO,N2CIBry) Cale. 54.19%. 


Derivatives of Trihalo-dinitrobenzenes with Organic Bases.—A mixture of trilalo- 
dinitrobenzene (1¢.), aniline, p-toluidine, or piperidine (asthe case may be!, sodium 
acetate (2 g.) and alcuhol ‘5 to 6 c.c.) was heated under water-cooled 1eflux condenser 
for 2 hours. A yellow, orange or red compound separated out which was more or less 
soluble in alcohol and could be crystallised from glacial acetic acid. 

Identical derivatives were obtained from 1 : 2-dichloro-4-bromo-3.5-dinitrobenzene and 
1:4-dichloro-2-bromo-2:5 dinitrobenzene, and also from 2 : 4-dichloro-1-bromo-3 : 5-dinitro- 
benzene and 2-chloro-1:4-dibromo-3:5-dinitrobenzene. Derivatives of these are sunimarised 
in Tables II and III. 


TABLE II 


Derivatives of 1:2-dichloro-4-bromo-3:5-dinilrobenzene and 1:4- 


dichloro-2-bromo-3:5-dinitrobenzene. 


Reactant. Derivative. Colour. M.p 
Ammonia 1-Chloro-2 :4-diamino-3 :5-dinitrobenzene Dirty vellow 247° 
Aniline 1-Chloro-2 :4-dianilino-3 :5-dinitrobenzene Orange-red 187° 
p-Toluidine 1-Chloro-2 :4-di-p-toluidino-3 :5-dinitrobenzene Dull orange-red 177° 
Piperidine 1-Chloro-2 :4-dipiperidino-3 :5-dinitrobenzene Shining vellow needles 145° 


With o-aminophenol, however, 1:2-dichloro-4-bromo-3:5-dinitrobenzene gives 2:3- 
(or 3:4)-dichloro-1-nitrophenoxaziue, m.p. 196°, aud 1:4-dichloro-2-bromo-3:5-dinitro- 
benzene gives 1 :4-dichloro-3-nitrophenoxazine, m.p. 214° 
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TABLE III 


Derivatives of 2:4-dichloro-1-bromo.3:5-dinitrobenzene and 2-chloro- 


1:4-dibromo-3:5-dinitrobenzene. 


Reactant. Derivative Colour M.p. 
Ammonia 1-Bromo-2 :4-diamino-3 : 5-dinitrobenzene Yellow 265° 
Aniline 1-Bromo-2 :4-dianilino-3 :5-dinitrobenzene Shining orange 192° 
p-Toluidine 1-Bromc-2 :4-di-p-toluidino-3 : s-dinitrobenzene Orange-red 204° 
Piperidine 1-Bromo-2 : 4-dipiperidino-3 :5-dinitrobenzene Canary yellow 152° 
o-Aminophenol 2 or 4-Chloro-3-bromo-1-nitrophenoxazine Dark violet 203 


Idéntity of the products from different trihalogenated dinitrobenzenes has been 
established by finding mixed melting points and comparing the analytical results. 

The authors wish to acknowledge their indebtedness to the U.P. Government for 
grants for a Research Assistantship to one of us ‘R.S.G.) and for a part of the expenses 
for carrying on the work. 
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PHASE-DIAGRAM STUDY OF THE BINARY SYSTEM: 
BENZOPHENONE-SALOL 


By AjAyY KuMAR CHAUDHURI 


The phase-diagram of the binary system “‘benzophenone-salol”” has been described. The t-c curve 
admits of no chemical compound between the components, but only a simple eutectic which melts at 
13.9° with 47.01 molecular percentage of benzophenone. 


It is a common experience that mixtures of salol and different solid ketones at 
ordinary temperatures almost immediately begin to liquefy. It will be interesting to 
investigate whether such liquefaction involves any chemical transformation in the system. 

The literature records several observations in this line. In phase-diagram studies, 
phenol and some of their derivatives like «-naphthol show the formation of definite 
equimolecular compounds with benzophenone, while 8-naphthol, mononitrophenols, 
dihydroxybenzenes, pyrogallol, picric acid, naphthyiamines, 2:4-dinitrophenol, etc. 
with benzophenone give rise to the formation of simple eutectics only (cf. Kremann 
el al., Monatsh, 1918, 39, 807, 833; 1920, 41, 43; Pushin and Kozuhar, Bull. Soc. 
chim. Belgrade, 1947, 12, 101). 

The present work was undertaken to study the binary system ‘““benzophenone- 
salol’’ from a consideration of the fre©zing points of different compositions of the two 


components. 
EXPERIMENTAL 


The samples of salol and benzophenone used were chemical reagent varieties of 
B. D. H., having m.p. 42° and 47.7° respectively. 

Suitable amounts of salol and benzophenoue were weighed into a large test tube 
surrounded by a wider one which served as an air-jacket and were completely mixed by 
melting them together in a bath whose temperature was slightly above the melting point 
of the mixture. Proper allowance was made jor the time taken to attain equilibrium, the 
apparatus was removed from the above bath and then placed in the cooling chamber. 
For mixtures containing small as well as large amounts of benzophenone, water at the 
room temperature formed a suitable cooling agent; in other cases, ice-cooled water was 
employed for the purpose. ‘The temperature was kept uniform throughout the molten 
mass by means of a stirring arrangement and the freezing point was determined by 
following a time-temperature cooling curve. 

The first break of such a curve corresponds to the separation of one of the com- 
ponents, while the second break is the solidification temperature of the eutectic. In 
both these breaks, certain amount of supercooling could not be avoided as shown in one 
of the representative diagrams (Fig. 1). In order to ensure uniform temperature in the 
entire mass by stirring, the amounts of the components taken should not be very large. 
To mention one such experiment, 2.3640 g. of salol were mixed with 1.2730 g. of benzo- 
phenone (i.e. 35% benzophenone) and the freezing point was 16.45°. The freezing 
points with different compositions are given in Table I. 
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TABLE I 
Wt.% of salol_... 0 5 10 13 15 20 25 30 35 10 45 50 
Freezing point .. 47.7° 44-7° 41.6° 40.5° 3925° 36.1° 33.2° 30.6° 27.5° 23.9° 19.3° 15.5° 
Wt.% of salol ‘an 52 57 63 65 70 75 80 85 99 95 100 
Freezing point ... 14.6° 13.9° 14.4° 1645° 20.8° 24.2° 27.4° 31.2° 34.4° 37.2° 42.0° 


The freezing points so obtained for different compositions of the pure samples of 
each component have been plotted in Fig 2. The nature of the diagram so obtained 
clearly points to the fact that the system behaves asa simple eutectic. The eutectic 
temperature was obtained not only from the study of the definite composition at the 
point “C’ in Fig. 2, but also the second break of the time-temperature cooling curve 
for every composition was found to be always the same, viz., 13.9°. In such deter- 
mination, supercooling was always an essential feature for which the usual correction 
was made. 

Fig. 1 Fig. 2 
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The crystals which separated during the first stages of co sling of mixtures having 
compositions either to the left or the right of the point ‘C’, were separated and found to 
be pure crystals of salol and of benzophenone respectively, verified from their own 
melting points and mixed melting points. This clearly establishes the eutectic formation 
of this system. 
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Assuming that the components of the binary system under consideration form an 
ideal solution on mixing, a computation of the fusion temperature (T) at the eutectic 
composition with the help uf the formula: 


™ o L) + x, 
x ae. = 


wd 





where X is the mol. fraction of benzophenone, 7’, its meiting point and /. is the latent 


heat of fusion of benzophenone (cf. Lee and Warner, J. Amer. Chem. Soc., 1933, 55, 2 
ing. cal/mol., leads to the value 14.6° for the m.p. of the eutictic which is in fair 
agreement with this experimentally observed value, 13.9°. 

The author is thankful to Prof. P. C. Rakshit for his help and guidance in this 
investigation and for the award of a junior research training scholarship of the Govern- 
ment of India tenable under him in this Insitution. 
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BEHAVIOUR OF NITROPHENOLS WITH p-TOLUENESULPHONYL 
CHLORIDE. PART VI. 6-BROMO- AND 6-CHLORO- 
2: 4-DINITRO-m-CRESOLS 


By SHIAM SUNDER JOSHI AND SAtyA PRAKASH GUPTA 


The behaviour of 6-bromo- and 6-chlor-2:4-dinitro--m-cresols, with p-toluenesulphonyl chloride in 
presence of diethylaniiine, which has led to the formation of two classes of compounds under similar 


conditions, ard their activities have been described. 


As stated before (Joshi and Kapoor, this Journal, 1949, 26, 540) a methyl group in 
n-position to the hydroxyl group in dinitrophenols exerts varying influence when such 


coupounds are heated with p-toluenzsulphonyl chloride and diethylaniline (Ullmann 
ei al., Ber., 1908, 41, 1870; rotr, 44, 3731) replacing hydroxyl group by a chlorine 
atom in some cases, forming esters in some cases, and having no action at all in a few 
cases. In the present paper, the behaviour of 6-bromo-2 : 4-dinitro-m-cresol (Joshi and 
Gupta, this Journal, 1949, 26, 54:1\' and 6-chloro-2 : 4-dinitro-m-cresol with p-toluene- 
sulphonyl chloride in presence of diethylaniline has b2en investigated asa result of 
which 3-chloro-4-bro:no-2 : 6-dinitrotoluene (1! is obtained from the first and the corres 


ponding p-toluenesulphonic ester (IT) only from the second compound. 


(o—St < Me 


Cl —— 
Br NNO, ci’ \no. 

Ss | | 

\ Me \ / Me 

NO, NO, 

(T) (II) 


Chlorine atom in (1° is quite reactive and reacts readily with ammonia and amino 
compounds, whereas the sulphonic ester group in ‘IL! is stable and does not react with 
ammonia and amino compounds. 

6-Brumo-2 : 4-dinitro-m-cresol and p-toluenesuiphony! chloride, when heated with 
solium carbonate in aqueous solution, give the ester corresponding to ‘I1) with chlorine 
substituted by bromine. Thisester is, however, reactive and forms derivatives with 
ammonia, aniline etc. just like chloro compound of (I). 


EXPERIMENTAL 


3-Ch'oro-4-bromo-2 : 6-dinitrololuene (l).--A mixture of 6-bromo-2 : 4-dinitro-m- 
cresol (10 g.), p-toluenesulphony! chloride (8 g.) and diethylaniline {20 c.c.) was heated 
on a water-bath for about 5 hours. The crude product on treatment with concentrated 
hydrochloric acid, water, sodium carbonate solution and finally with concentrated 
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sulphuric acid yielded a greenish white mass. On crystallisation from alcohol it gave 
colorless needies (5 g.), m.p. 78.5°. (Found : Cl+Br, 38.48. C,H,O,N,CIBr requires 
Cl+Br, 39.08 per cent). 

On treatment with dry ammonia in boiling alcohol, this compound formed 2-bromo 
4: 6-dinitro-5-methylaniline as yellow needles from dilute acetic acid, m.p. 106°. 
‘Found: Br, 29.07. C,;H,O,N;Br requires Br, 29.0%). With aniline, it forms 2-bromo- 
4: 6-dinitro-5-methyldiphenylamine as green crystals from alcohol, m.p. 132°. (Found 
Br, 22.48. C,;H,,O,NsBr requires Br 22.73%). With p-toluidine, it forms 2-bromo- 
4 : 6-dinitro-5 : 4'-dimethyldiphenylamine as orange-red crystals from a mixture of alcoho! 
and acetic acid, m.p. 134°. ‘Found: Br, 21.22. C,,H,.O,NsBr requires Br, 21.86%) 
With o-toluidine it forms 2-bromo-4 : 6-dinitro-5 : 2’-dimethyldiphenylamine as orange 
crystals from a mixture of alcohol and benzene, m.p. 145.5°. With p-bromoaniline it 
gives 2: 4’-dibromo-4 : 6-dinitro-5-methyldiphenylamine as yellow-orange crystals from 
acetic acid, m.p. 127.5°. (Found: Br, 36.8. C,;H,O,N;Br. requires Br, 37.12%). With 
piperidine, it forms dirty yellow crystals from acetic acid, m.p. 93°. 

2-Bromo-4 : 6-dinitro-5-methylphenyl-p-toluene suiphonate (I1).—To a_ boiling 
suspension of 6-bromo-2 : 4-dinitro-m-cresol (3 g.) in water (10 c.c.) p-toluenesulphony| 
chloride (2.4 g-) and sodium carbonate were added in small amounts at a time with vigor- 
ous shaking. The mass gradually solidified and the smell of the acid chloride disappea- 
red. It was filtered and then washed with hot sodium carbonate solution and water. 
The ester is slightly soluble in alcohol, more so in benzene and easily in acetone. It 
was crystallised from au excess of aicohol in colorless needles (3 g.), m.p. 141.5 
(Found: S, 7.2. C,4Hi,0;N.BrS requires S, 7.42 per cent). 

6-Chloro-2 : 4-dinitro-m-cresol.—4-Chioro-3-bromo-2 : 6-dinitrotoluene (3 g.} with 
equal quantities of anhydrous sodium acetate and acetamide (10 g. )was heated unde: 
reflux at 180° for about one hour. The melt was dissolved in 100 c.c. of dilute ammonia 
and then heated for half-an-hour with activated charcoal and finally filtered hot. The 
filtrate on treatment with hydrochloric acid gave a dirty red precipitate. This crystai- 
lised out of dilute alcohol in yellowish white plates (2.2 g.), m.p. 108°. Acety! 
derivative, m.p. 93°; benzoyl derivative, m.p. 112°. 

2-Chioro-4 : 6-dinitro-5-me thylphenyl-p-ioluene sulphonate.—A mixture of 6-chloro 
2 : 4-dinitro m-cresol (3 g.), p-toluenesulphonyl chloride ‘2.5 g.) and diethylaniline 
(10 c.c.) was heated on a water-bath for about 5 hours. The crude product on treatment 
with hydrochloric acid, water and sodium carbonate gave a dirty white mass. It was 
crystallised from excess of alcohol to give colorless plates ‘4 g.), mp. 132°. (Found 
S, 7.81. C,,H,,0;N.CIS requires S, 8.28 per cent). 

The same ester was obtained by heating the substituted cresol with p-toluenc 
sulphony! chloride and sodium carbonate in aqueous medium. 


CHEMICAL LABORATORY, Received May 15, 1951 
MEERUT COLLEGE, Meerut, U.P. 


















it 











[Jour. Indian Chem. Soc. Vol. 29, No. 3, 1952] 


CYANOETHYLATION OF SOME ARYLACETONITRILES 


By G. S. MIsRA AND J. 5S. SHUKLA 


Several arvlacetonitriles have been condensed with acrylonitrile and some of the resulting y-cyano- 
)-arylpimelonitriles have been hydrolysed to the corresponding pimelic acids. 
A large number of organic compounds containing active hydrogen atoms undergo 
a Michael type of addition with acrylonitrile (Bruson, “Organic Reactions’’, Vol 5, pp. 
79-135), thus : 


RH +CH,=CH. CN — R.CH,.CH;.CN 


A solution of benzyl cyanide in iert.-butyl alcoho! reacts with two molecules of 
acrylonitrile in presence of a small quantity of methanolic potassium hydroxide to 
form y-cyano-y-phenylpimelonitrile in 94% yield (Bruson and Riener, J. Amer. Chem. 
Soc., 1943, 65, 23). Similarly p-chlorobenzyl cyanide, p-isopropylbenzyl cyanide and 
z-naphthylacetonitrile have been cyanoetlylated with the formation of the corresponding 
y-cyano-y-arylpimelonitriles in good yieids (Bruson and Riener, loc. cit., Rubin and 
Wishinsky, J. Amer. Chem. Soc., 1946, 68, 828), while p-nitrobenzyl cyanide can be 
dicyanoethylated, using Triton B as a catalyst. On the other hand, benzyl cyanide can 
be mono-cyanoethylated to form %-phenylglutaronitrile in a yield of 20-33% when 
sodium ethoxide is used as a catalyst. 

Several other substituted benzyl cyanides have now b2en reacted with acrylo- 
nitrile, using the above procedure. It has b2en found that o-chloro-, m-chioro-, 
m- and p-bromo-, m-methyl- and p-methyl-phenylacetonitriles react smoothly with two 
molecules of acrylonitrile to form the y-substituted pimelonitriles in yields of 47%, 64%, 
89%, 84%, 88% and 95% respectively No solid dicyanoethylation product could, 
however, be isolated from o-methyl- and o-bromo-phenylacetonitriles. 

The y-substituted pimelonitriles can be hydrolysed into the corresponding y-substi- 
tuted pimelic acids. Several such acids have been prepared by Rubin and Wishinsky 
(loc. cit.). The y-substituted pimelonitriles, now prepared for the first time, were 
similarly hydrolysed with a mixture of concentrated sulphuric acid, glacial acetic acid 
and water. It was found that while crystalline products could be isolated from the 
hydrolysis of the chloro- and bromo substituted pimelonitriles, the methyl-substituted 
pimelonitriles furnished tars from which no acid could be isolated. 


EXPERIMENTAL 
(M. p.s are uncorrected) 


Preparation of Pimelonitriles: y-Cyano-y-(p-bromophenyl)-pimelonitrile.—A 
solution of acrylonitrile (2.1 g., 0.04 mol.) in tert.-butyl alcohol (5 g.) was added drop. 
wise to a stirred solution of p-bromophenylacetonitrile (4 g., 0.02 mol.), tert.-butyl alcohol 
(2 g.) and 30% methanolic potassium hydroxide solution (0.2 g.!, while maintaining the 
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reaction temperature at 10°-25° by cooling. The mixture was stirred for 2 hours and 
then neutralised with dilute hydrochloric acid. The resulting precipitate was filtered 
and recrystallised from dilute ethyl alcohol in colorless crystals, m.p. 132°, yield 5.2 g. 
(84%). (Found : N, 13.5. C,,H,.N;,Br requires N, 13.9 per cent). 

Similar reactions were carried out with the other substituted benzy! cyanides and the 
results are summarised in Table I. All these reactions were carried out using fert.-butyl 
alcohol as the soivent and methanolic potassium hydroxide was used as the catalyst. 


The temperature was maintained between 10° and 25” by cooling. 


TABLE | 
Phenylaceto- TPimelonitrile formed Yield. Mp Vormula. Nitrogen 
nitriles. Calc. Found. 
p-Methyl- =y-Cyano-y-{p-methyl)- 95 104 Ci sH5N3 17.7 18.1 
m-Methyl- y-Cyano-y-(m-methy])- 88 67-68° C,5Hy;N3 17-7 17.5 
m-Chloro- —-y-Cyano-}-/m-chloro*- 64 80° CyyHyeN3Cl 16.3 15.8 
o-Chloro- —-y-Cvano-7-(o-chloro)- 47 7° Cy gHygNyCl 16.3 16.2 
p-Bromo- y-Cyano-y-(p-bromo) - 84 232° CyyHypN,Br 13.9 13.5 
m-Bromo- = y-Cy ano-y-(n-bromo)- &%9 $3 CigHygNoBr 13.9 13.4 


Preparation of Pimelic Acids : y-p-Bromophenyl-y-carboxypimelic Acid.—A mixture 
of y-cyano-y-(p-bromopheny])- acetonitrile (3 g.), glacial acetic acid (3 ¢.c ), concentra- 
ted sulphuric acid (3c. c.) and water (3 c.c.) was refluxed for 30 hours on a sand-bath. 
I‘he mixture was then concentrated in vacuo and the residual oil taken ip in nitrome- 
thane. The acid which crystallised after several days wes further purified by several 
recrystallisations from the same solvent, m.p. 140-41°, yield 2.6 g. (73%). (Found: Neut. 
equiv., 120. C,,H,;O.Br requires Neut. equiv., 110.7). 

y-m-Bromophenyl-y-carboxypimelic Acid.—The acid hydrolysis of the trinitrile 
(2 g.) gave 1.5 g. of the product (63%), m.p. 188-S9° after several recrystallisations 
from nitromethane. (Found: Neut. equiv., 119. C,,H,;0,Br requires neut. equiv., 
119-7). 

y-0-Chlorophenyl-y-carboxypimelic Acid.—The acid hydrolysis of the pimelonitrile 
(1.5 g.) gave 1.2 g. (65.5%) of the product, m.p. 215-16° after several recrystallisations 
from nitromethane. (Found: Neut. equiv., 106. C,,H,;O.Cl requires neut. equiv., 104.8). 

y-m-Chlorophenyl-y-carboxypimeiic Acid.—The acid hydrolysis of the pimelonitrile 
(2 g.) gave 2g. of the acid (82%), m.p. 202-203°. (Found: Neut. equiv., 105. C,,H,;0,Cl 
requires neut. equiv., 104.8). 

The authors wish to thank M/S Imperial Chemical Industries Ltd. for a gift of 
chemicals. 
CHEMISTRY DEPARTMENT, 
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ESSENTIAL OIL FROM OCIMUM GRATISSIMUM, ROMXB. 
By U. G. Nayak anp P. C. GuHA 
Steam distillation of the plant cultivated from the seeds obtained from U.SS.R_ gave an essential 
ail in a yield of 0.53%, containing chicly ocimene (15%), eugenosl (51.8%) and an unidentified 
alcohol (10%). 

Ocimum gratissimum is a strongly scented shrub belonging to N.O. Labiatae, 
indigenous to Persia, Sind, Punjab, East Bengai and Deccan Peninsula. ‘he oil that 
was analysed here in our laboratories was obtained from the plants cultivated here, the 
seeds having been imported from U. S.S.R. The plants grew vigorously within two 
months to a height of five feet. When the plant was in flower, the inflorescence was cut 
off and thus a second crop was harvested in another two months. 

Steam distillation.—As soon as the crop was harvested it was steam distilled, for 
it was observed to be giving a poor yield if the crop was aliowed to dry. This was quite 
clear from the first steain distillation where semidried crop was used. The moisture 
content of the herb was calculated by drying the crop in shade for about 15 days and was 
found to be nearly 50% of the weight of fresh crop. 


TABLE I 


Period of Wet. of Moisture in Wt. of Yield on Yield on 
the year. herb the herb dried the oil. wet herb drv herb 
in shade 
March, 1949 38 Ibs 44° 22¢ 0.135 02 
(semidried 
August’ 49 59 Ibs. 19 72 1.27 35 
October’ 49 136 lbs 16 17 28 0.51 


Thus, the average yield of the oil on the fresh herb without drying it before steam 
distillation was observed to be 0.27% and on dry herb the average yield was 0.53%. 

The oil distilled was dark brown in cojour and had a fine odour of cloves. ‘The 
following table gives the comparative values for the analytical constants for the oils 
distilled from the plants cultivated here from the seeds obtained from U.S. S. R. and 
those of the Indian and Seychelles variety. 


TABLE II 


Russian variety Indian Oil distilled in the 
cultivated here. variety*. Sevchelies +. 
Colour Dark brown Greenish vellow — 
Sp. gravity 9.9395 at 23° 0.8890 at 26° 0.995 
Opt. rotation —18°.1 +¢ —34°.% 
Ref. index 1.5132 at 23° 1.4965 at 26° 1.5260 at 21° 
Sapon. value 15-71 37-5 ial 
Sapon. value after acetylation 1248 175 3 = 
Yield 0.53% 0.1% 1% 


* Nigam and Dutt., Indian Soap J. Dec. 1944. 
+ Parry, “The Chemistry of Essential Oils and Artificial Perfumes'’, 1921, Vol. I, p. 26 
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Fractionation of the Oil under Reduced Pressure.—The oil, since it contained 
ocimene, had to be fractionated under reduced pressure. Fractionation was carried 
under reduced pressure using a Vigreux column, about 21 inches long and as many as 
five fractions were collected. After disti!ling off these five fractions the oil was found 
to form a viscous brownish mass, most probably due to polymerisation. 

Fraction (1), a hydrocarbon fraction, was found to be chiefly containing ocimene, 
characterised by the preparation of dihydroocimene tetrabromide, m.p. 87-88°. Frac- 
tions (4) and (5) were found to be phenolic fractions and chiefly consisted of eugenol 
characterised by the preparation of the benzoyleugenol, m.p. 49-70° and the dipheny]l- 
urethane derivative, m.p. 107-108°. 


EXPERIMENTAL 


The oil (250 g.) on fractionation gave as may as five fractions analytical constants of 
which are shown below. 


TABLE ITI 
Re e Sapon. value 
Fractions. Yield. — a, [a}?° Sapon. after 

ss value. acetylation 
1. 76-78°/21mm. 37g. 0 80259 1 4844 +0°.5 _ — 
2. 80-85°/21 15 0.92112 1.4870 +0°.46 5-6 72.1 
3. 115-125°/20 12.9 0.9641 1.4995 — 11.2 89.1 
4 122-125°/11 115-5 1.0511 1.5418 —0°.5 19.8 280 
5- 125-128°/11 35 1.0520 1.5410 —o0°.66 20.9 270 

Residue 30 


Refractionation of Fraction 76°-78° /21mm.—Farction 1 in Table III was fractionated 
again and two fractions were collected and their analytical constants noted. 


TABLE IV 


Fractions. Yield. a3. ua [a]5° 
I. 73-74°/20 mm. 232 0.8021 1.4841 Nil 
2. 73-75° II 0.8046 1 4846 +0°.13 


The fraction 73°-74°/20 mm. was fractionated over sodium and collected at the 
same temperature and had the following constants: d}}, 0.8020; ms°, 1.4843; 
[z]5°,nil. The molecular refraction was calculated and the exaltation in the molecular 
refraction suggested the presence of conjugated double bonds’. Also from the analytical! 
constants it was ciear that it must be ocimene which is the common constituent of 
most of the ocimum oils. Hence, the terpene was reduced with sodium and alcohol 
when it gave dihydroocimene, C,,H,;, which gave the tetrabromide, m.p. 87-88°; it was 
characterised as ocimene. 

Fractions 122°-125°/11 mm. and 125-°-128°/11 mm. (130 g.).—These fractions 
were mixed together and fractionated again and two fractions were collected. 
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TABLE V 


Fractions. Yield “*. eI [a]? 5 
1. 123°°125°/12 mm. 103 g. 1.0596 1.5422 =—0°.2 
2. 125°-127°/12 20 1 0620 1.5416 —o°.36 


The fraction 123°-125°/12 mm., which was almost pure phenolic fraction, smelt 
strongly of clove oil and in all respects it resembled eugenol. So attempts were made 
to prepare its benzoyl derivative when it gave benzoyleugenol, i.p. 69-70°. Also 
its diphenylurethane derivative melted at 107°-108°. Thus it was identified as eugenol. 

Estimation of eugenol in the original oil was made according to the method of 
Thoms (cf. Perry, ibid., Vol Il, p. 351). The oil {4.5 g.) gave 4.22 g. of benzoyleugenol. 
rom the weight of benzoyleugenol, the percentage of eugenol present in the original oil 
was calculated from the formula as 61.8. 


CONCLUSION 


The essential oil froma the leaves of Ocimum gratissimum, Russian variety, examined 
by us, was found to contain chiefly ocimene (15%), eugenoi ‘61.8%) and unidentified 
alcohols {10%}. 

The oil from the Seychelles variety examined by Roberts has been shown to 


o/ - 0/ 


contain ocimene (16%), eugenol (55%), aicohols probably linalol {13%) and phenol 
ethers calculated as methyl chavicole (5.6%). ‘Ihe components of these two varieties 
seem to be the same. 

But it is quite strange that the components of the oil from the Indian variety 
examined by Nigam and Dutt (citral, 66.6% ; geraniol, 25.7% ; citronellai, 2.8% ; geranyl 
acetate, 1.5% ; sesquiterpenes, 2.4% ; residue, 6.6%) are quite different though by name 
the piant they have used seems to be the same as the plant used by us. This view of 
ours is supported by that of Guenther (‘‘The Essential Oils,’’ vol. III, p. 428) who says 
that in the case of this type of oil examined by Nigam and Dutt there is some doubt as to 
the botany of the parent plant. 

The Authors’ thanks are due to Rao Bahadur B. S. Nirodi for kindly supplying us 


the raw material cultivated in the Institute Nursery. 
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LIESEGANG RING FORMATION OF THE SPARINGLY SOLUBLE SALTS 
OF RARER ELEMENTS IN AGAR-AGAR AND STARCH GEL 


By M. C. Rastoc1 


Liesegang ring of rarer elements have been obtained by the usual method of diffusing electrolytes 
into test tubes with agar-agar or starch containing a precipitate formining electrolyte uniformly distri 
buted in the gel. 


Banded structures of various sparingly soluble salts in different gels have been 
obtained by Chatterji and co-workers (J. Phys. Chem., 1924, 28, 41; Kolliod Z., 1922 
31,15; 1925, 37, 2; 89; 1930, 50, 147; this Journai, 1951, 28, 283) and it has 
been shown that banded structures can be classed into two categories; in one, rings are 
separated by clear spaces and in the other alternate bands of different colours occur in 
the otherwise continuous deposit. The study of the sparingly soluble salts of rare: 
elements has been further extended to agar-agar and starch gel. The effect of variation 
of concentration of the electrolytes and that of light has also been studied and it has 
also been observed here that two different types of banded structures occur, 


EXPERIMENTIL, 


The experimental procedure was the sameas in the previous communication 
(Chatterji and Rastogi, this Journal, 1951, 28, 283). One percent normal sodium 
tungstate, sodium metavanadate, thallous sulphate, thorium, zirconium, cerous, ceric 
and beryllium nitrates were evenly distributed in a solution of 1% agar-agaror 74% 
starch gel except in the case of vanadates. The gel in each case was poured in three 
different series of test tubes and allowed toset. After the gel had set, 20, tc and 5 or 
10,5 and 2% or N, N/2 and N/4 solutions of the respective electrolytes were allowed to 
diffuse from the top. But in case of the structures of uranyl compounds in agar-aga! 
or starch gel and vanadates in starch gel, the rarer metal was the diffusing electrolyte 
and not evenly distrubuted in the gel. The results are shown in Tabie i. 

For the following salts no rings could be obtained : 


(x1). Chromium tungstate, copper and barium selenite, barium vanadate, thorium 
phosphate, peroxide and sulphate, zirconium hydroxide, phosphate, peroxide and 
sulphate, thallium cobaltinitrite and chloride, cerous oxalate, hydroxide and sulphate, 
ceric hydroxide, sodium uranate and uranyl carbonate in agar-egar with the concen- 
trations used. 

(2). Calcium tunystate, barium and copper selenite, barium and copper 
vanadate, thorium oxalate and iodate, zirconium phosphate, peroxide and sulphate, 
thallous chloride and chromate, cerous carbonate and oxalate, and beryllium carbonate 


and hydroxide in starch gel with the concentrations used. 

















LISSEGANG RING FORMATION OF SPARINGLY SOLUBLE SALTS 
TABLE I 
Rings of the sparingly Soluble salts which belong Rings of the sparingly soluble salts which 
to type I (i.e. rings separated by clear spaces). belong to type II (i.e. aiternate coloured 
bands in the othe: wise continuous deposit). 
I. Periodic structures iv agar-agar 
Sait Strength of the diffusing electrolyte Strength of the diffusing electrolyte 
20, 10 & 5%. 10,5 & 24%. N, N/2, C,C/2& 20,10& 10,5& N,N/2 C, C/2 
N/4. C/4. 5% 23%. & N/4. & C/4 
Yungstate Ca, Fe (ous) 
Sr & Ba x Ag x Sn x x x 
Vanadates x x x x x x x x 
Selenite Ba « x x x x x x 
Selenate Fe (ous) x x x Pb & Cu x x Ammonium 
lhorium Ferrocya- Oxalate, 
salts nide fluoride x Hydroxide x lodate x x 
‘hallium saits Oxide Chromate x x : 
Todide x x Sulphide 
Zirconium 
salts x x x x x x x x 
Cerous salts Carbonate x x x x x x x 
Ceric salts x x x x x x x x 
Beryllium x x x x 
salts Carbonate x x Hydroxide x x x x 
Uranyl UO, x HO & 
compounds ferrocyanide x x x x x x Sulphide 
1I Periodic structures in 7}% starch gel. 
lungstate Fe, Sr& Ba x x x Sn 6 Ag x 
Selenite x x x x x x x x 
Selenate x x x x x x x x 
Vanadate x x Ag x Pb & Cu x x x 
Thorium salts x x x x Ferrocyanide xX x x 
Zirconium 
salts x x x x x x x x 
Thallium 
salts x x x x Iodide x x Sulphide 
Cerous salts x x x x x x x x 
Ceric salts x x x x Ferrocyanide xX x x 
Uranyl Phesphate, x x x Sulphide 
compounds carbonate x x x x x x x 
Zirconium salts x x x 
where C is the concentration of the Laboratory reagent used. 
Effect of the Variation of Concentration of the Electrolyte and the Gel 
From the survey of the literature it was observed that the formation of Liesegang 
rings depended on concentration of both the reagents and the gel. It was found 
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that the number of rings decreased with the decrease in concentration of the diffusing 
electrolyte, and the distance between the two consecutive rings increased as the diffusion 
proceeded downwards. Wagner (J. Coll. Sci., 1950, 5, 85) also derived a mathematical 
expression for the same treating the ring formation as diffusion phenomenon. But the 
results reported previously by Chatterji (thesis, 1926, Allahabad) and the experiments 
carried out by the present authors inthis laboratory showed that in cases of Ni and 
Zn cyanide, Ni, Zn and Co ferrocyanide, barium and mercurous vanadate, cerous oxalate 
and carbonate rings in gelatine, and thorium hydroxide, thallium oxide and uranium 
carbonate in agar-agar, the distance between the consecutive precipitating zone became 
less and less with the dilution of the incoming diffusing electrolyte. The observations 
of Wagner and others also failed completely when we take imto account’ the experi- 
ments on the second type of banded structures where almost invariably the width of the 
bands decreased with the diffusion. Hence the arguments put forward by Wagner in 
support of the supersaturation theory fails to account for the above observations. 

The gel also possesses an important influence in modifying the nature as well as 
the formation of Liesegang rings. It has been found that beautiful rings of selenium 
metal are produced in gelatine when selenious acid is either reduced by ferrous 
sulphate or stannous chloride, but this tendency to form fine banded structures decreases 
as we pass on to agar-agar and finally no bands occur in the starch gel. Similar was 
the case with cerous salts and copper selenite. Silver tungstate in agar-agar gave 
beautiful structures of the first type, while in the starch gel structure of the second type 
was produced. Thus gel plays an important part in the formation of periodic structures. 

Light also plays an important role in their formation. It has been observed that 
more rings were formed in those tubes that were exposed to light than those kept in the 
dark. In the case of silver tungstate rings separated by clear spaces were produced 
when AgNO, was the diffusing electrolyte. Exactly simiiar tubes were kept in dark but 
this time the number as well as the thickness of the bands increased with modification 
in the nature of the rings. ‘The rings obtained were of the spiral type. Also in the case 
of copper selenite, selenium reduced by ferrous sulphate end stannous chloride, thallium 
iodide, oxalate and oxide no banded structures were produced, while silver and lead 
vanadates gave beautiful bands. ‘The increase in the number of rings or the change 
from first type to the second type of rings in the dark can be explained by the 
coagulating influence of light which it exerts on the sol. 

The author’s thanks are due to Dr. A. C. Chatterji for helpful guidance. 
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REVIEWS 


Text-book of Quantitative Inorganic Analysis—By Kolthoff and Sandell. Revised 
Edition. Published by Macmillan & Co. Ltd., London, 1950. Pages 794 + xvii. 


The present volume is the revised and second edition of the author’s Text-book 
of Quantitative Inorganic Analysis. -The first edition appeared in 1936 and received a 
warm welcome both by tlie teachers and students of analytical chemistry. The present 
edition is obviously an improvement upon the first, making the informations up to date. 
There isa fuller treatment of organic reagents, spectrophotormetry and other topics. 
A section on amperometric titrations is a new feature of this edition. Some other 
chapters have also been revised. 

The book, in the opinion of the reviewer, will continue to maintain its high standard 
as one of the excellent introductory text-books on analytical chemistry. Both the 
teachers and students will find it highly useful for their daily work. It is a balanced 
presentation of the theoretical and practical aspects of the subject. 

P. Ray. 


Gmelins Handbuch der anorganischen Chemie, 8 Auflage.—System Number 18. Anti- 
mon. Teil B-Lieferung 3. Pp. 497-564.Published by Gmelin-Verlag G.m.b.H. Clausthal- 
Zellerfeld. 


The present volume constitutes the concluding portion of the compounds of antimony 
in the 8th edition of Gmelins handbook. Compounds of antimony with sulphur, sele- 
nium, tellurium, boron, carbon, silicon, phosphorus and arsenic are dealt in it, besides 
a small portion of the compounds of antimony with iodine, not completed in the previous 
volume (Lieferung 2). Gmelins Handbook is too well known to require any special 
commendation here. Gmelins volumes are as much indispensable to the physical and 
inorganic chemists as Beiistein’s Handbook is tu the organic chemists. The present 
edition has ably maintained the tradition and the reputation of the previous ones. 
No research institution or library can afford to do without this admirable handbook of 
inorganic chemistry, for which there is no rival. 

The references to literature are completed up to the middle of 1948. 

P. Ray. 


Gemlins Handbuch der anorganischen Chemie, 8 Auflage —System Number 68. 
Platin. Teil A-Lieferung 5. Die Legierungen Der Platinmetalle: Ruthenium, Rhodium, 
Palladium. Published by Gmelin-Verlag G.m.b-H. Pp 533-718. 


This volume deals with the alloys of platinum metals, ruthenium, rhodium and 
palladium with other metals and metalloids. 
The references to literature are completed up to June 30, 1948. 


P. Rays 
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Tonerde und Aluminium.—By Wilhelm Fulda and Hans Ginsberg. I Teil. Di 
Tonerde. With 50 Figs., 1 plate and 66 Tables. Published by Walter de Gruyter & Co.. 
Berlin W 35. Pp. 226 + vii. 

This constitutes the first part of the book “‘Aluminium Oxide and Aluminium’’ 
This part deais with aluminium oxide (Tonerde) only. It is sad to note that one of the 
authors (W.F.) died before the completion of his work. The volume presents a compre 
hensive account of the results and experiences derived from the working of factorie 
during 1920-50 in Germany. 

After giving a general account of the raw materials for aluminium oxide, thei: 
composition and sources, the book describes the various processes employed for the 
extraction of alumina; these include the fusion of bauxite with caustic soda, soda ash, 
sodium sulphate and coke. Bayer’s process, and fusion withlime. A more or less detailed 
description of the Haglund process for obtaining alumina from bauxite has also been 
added. 

Processes for the extraction of alumina from alumino-silicates like kaolin, andalusite, 
nephelin etc. with hydrochloric, sulphuric and nitric acid, as also with sulphurous acid 
have been described. Extraction by fusion with bisulphate and with lime have aiso been 
fully dealt with 

Description of furnaces, vessels, apparatuses, etc. in every case has been included. 

The consumption of materials, fuels, etc. cost of manufacture, requirements of 
personnel have also been discussed. 


The physical properties of the raw materials and the finished product have been 
described and the chemical principles underlying the processes fully explained. 
The Debeye Scherrer Diagrams of aluminium oxide hydrate and aluminium oxide 
are given in the appendix, which also contains other useful informations. 
Briefly speaking, the book furnishes a historical account of the development of 
aluminium industry in Germany in all its scientific and technical aspects during the period 


of 1920-1950. 

It contains a wealth of informations which will undoubtedly be of great value to all 
scientific workers interested in aluminium industry, and possesses the additional advantage 
of stimulating researches in this particular field of study. 

P. Ray, 
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ALTERNATING CURRENT ELECTROLYSIS. PART IL. 
SILVER NITRATE SOLUTIONS 


By A. N. KAPPANNA AND K, M. JosHI 


A study of the electrolysis of silver nitrate solutions with symmetrical alternating current of the 
square-wave form has been made employing polished platinum electrodes in the frequency range 
3-50 cycles per second. In this range there is a net deposition of silver on both the electrodes. 
The current efficiency of this deposition is very low varying under different conditions between 0 
and 5% and is different at the two different electrodes. The current efficiency falls off with increase 
in frequency of alternation at the same current density. It also increases at the same frequency 
with increase in current density. With progress of electrolysis the current efficiency falls off. The 
current efficiency of silver deposition is higher in dilute solutions than in more concentrated ones. 
Explanations are offered for these different phenomena (i) on the basis of differences in the rates of 
electrode processes and (ii) on the basis of differences in the properties of different portions of the 
surface of the same electrode, only some of the spots being favourable for the deposition of silver 
during a negative impulse while others remain uncovered. 


Electrolysis of silver nitrate between platinum electrodes yields, as is well 
known, a black crystalline deposit of silver peroxynitrate at the anode and a 


metallic silver deposit on the cathode. The authors undertook the investigation 
of the electrolysis of this electrolyte with alternating current in the hope of gaining 
some insight into the nature of the electrode processes, particularly in view of 
the peculiarity of the anodic reaction in direct current electrolysis. A preliminary 
report of this work was made previously (Proc. Jndian Sct. Congress, 1947). 
The alternating current employed was of symmetrical square-wave type. The 
results were rather surprising and inexplicable, for it was found that on one 
of the electrodes, a black deposit of peroxynitrate was formed, while on the 
other electrode silver was deposited. The current efficiency was observed to be 
very low (never exceeding 2%). The electrodes were cleaned with concentrated 
nitric acid after each experiment (for removing the deposit) and in a large number 
of experiments performed with different current densities and frequencies, the 
nature of the deposits was found to be the same. 


While trying to extend and repeat these experiments with other pairs of 
platinum electrodes, quite different results were obtained. Both the electrodes 
were covered with greyish white deposits of silver. The first pair of electrodes 
was subjected to cleaning by different agents and when they were cleaned by 
fusing potassium bisulphate on them, they behaved in the same way as others. 
The peculiar results obtained with these electrodes must therefore be attributed 
to some surface layer which persisted even on repeated treatment with concentrated 
nitric acid. It is difficult to say what it might have been but it obviously exerted, 
at least partially, a rectifying action. 
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Results which have been reproduced in experiments carried out during the 
last three years with a large number of electrode pairs are reported in this 
communication. 


ExPERIMENTAL 


The experimental arrangement used in this investigation was nearly the same 
as that employed previously (this Jourm2/, 1952, 29, 69) except that the electrolytic 
cell in the D. C. portion of the circuit was removed and in its place, a silver coulo- 
meter containing 10-12% silver nitrate solution was used. 


The electrolyte was prepared from G.R. silver nitrate. A decimolar solution 
was used in most of the experiments. 


The electrodes were of polished platinum measuring 1x2 cm., the distance 
between the electrodes being kept fixed at 8 cm. in all the experiments. 


Observations during Electrolysis —At frequencies of 3 to 10 per second, gas 
evolution was observed at both the electrodes in the initial stages of electrolysis. 
This was followed by the appearance ofa greyish white deposit on both the 
electrodes. Thereafter, there was a cessation of gas evolution, and later the greyness 
of the deposit disappeared and the ultimate product on both the electrodes was 
only pure white silver. 


Off and on, from the appearance of the grey deposit, the current was 
switched off and any difference in potential between the electrodes was noted. 
While the deposit was greyish, a small potential varying from 0.1 to 0.2 volt 
was observed. This disappeared later with the disappearance of greyishness of 
the deposit. It appeared therefore that in the initial stages of electrolysis, the 
products on the electrodes were not altogether identical. The final deposit, when 
quantitatively examined, proved to be pure silver. 


After the passage of a certain quantity of electricity through the electrolytic 
cell which contained 250c.c. of the electrolyte, the electrodes were removed and 
washed carefully. The electrode deposit was dissolved in hot concentrated nitric 
acid. This solution was cooled, diluted and titrated against standard potassium 
thiocyanate solution for the estimation of silver. Small glass cups were kept 
beneath the electrodes to pick up pieces of electrode deposit which sometimes 
fell off from the electrodes. These were estimated separately and added to the 
silver content of the corresponding electrode. 

Since each electrode is subject to alternate electrical impulses, a 100% current 
efficiency at an electrode would mean the deposition of half the weight of 
coulometric silver on the electrode. The current efficiency is calculated on this 
basis in the results given below. 


Table I gives the results of a few experiments done to investigate the effect 
of frequency on the amount of silver deposited at each electrode. 
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ALTERNATING CURRENT ELECTROLYSIS 


TABLE I 


Current density = 100 m a./sq. cm. Duration of electrolysis =90 mins. 


Frequency. % Current efficiency. Total current 

Electrode I. Electrode II. efficiency. 

3 pet sec. 2.228 1,538 3.766 % 
5 1.586 1.330 2.916 
10 1.202 1322 2.524 
20 0.912 0.456 1.368 
30 0.346 0.428 0.774 
40 0.204 0.302 0.506 
50 0.124 0.121 0.245 


Table II records the results of experiments performed to investigate the effect 
of current density on the current efficiency of silver deposition. The number of 
ampere hours of electricity passed during eletrolysis was 0.6 in each experiment. 


TABLE II 
Frequency. Current density. % Current efficiency. Total current 
Electrode I. Electrode II. efficiency. 
10 per sec. 50 ma./cm.? 0.346 0.824 1.17% 
* 100 1.322 1.202 2.524 
es 200 2.410 1,312 3.722 
300 3.224 1.896 5.120 
30 100 0.428 0.346 0.774 
150 0.492 0.410 0.902 
200 0.528 0.400 0.928 
” 250 0.510 0.456 0.966 
375 0.966 : (.792 1.758 


Table III records the results of experiments done to investigate the effect of 
time on the current efficiency. 


TABLE III 


Time. Frequency. Current % Current efficiency. Total current 
density. Electrode I. Flectrode II. efficiency. 
10 mins. 10 per sec. 200 ma. 2.296 1.968 4.264% 
21 « @ 1.406 1.248 2.654 
40 * - 0.820 0.738 1.558 
180 - - 0.824 0.346 1.170 
17 30 500 ma. 1,690 1,236 2.926 
28 = ia 0.750 0.938 1.688 


0.678 1.290 
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The effect of concentration of the electrolyte on the current efficiency was 
next investigated. Table IV gives the results of these experiments. The frequency 
employed in all the experiments was 10 per second; the current density was 
125 ma./cm?. The number of ampere hours passed in each case was 0.5. 


TABLE IV 
Electrolyte conc. % Current efficiency. Total current 
Electrode I. Electrede II. efficiency. 
N/2 0.372 0.328 0.700% 
N/4 0.416 0.394 0.810 
N/10 0.612 0.678 1,290 
N/16 0.634 0.656 1.290 


DISCUSSION 


In electrolysis by a symmetrical alternating current, there should be no net 
chemical effect under ideal conditions, because the chemical effect produced 
during one half cycle should be reversed during the next half cycle. The ideal 
conditions should be instantaneous electron exchange as well as chemical reactions 
at electrodes. The fact that in so many recorded cases there is a net chemical 
effect is sufficient to indicate that such ideal conditions do not prevail and that the 
results should reveal in what way, in each particular case, the reactions do 
actually proceed. In the case investigated, the possible electrode processes 
are : 

(1) Ag*+@—> Ag 

discharge reactions 
(2) NO3— NO3+86 
(3) Ag+NO3s—> AgNO; 


(4) 2NO,;+H,O—> 2 HNO3+0 


If the reactions (1), (2) and (3) are instantaneous, there should be no net chemical 
effect at all frequencies of alternation. The formation of a silver deposit on both the 
electrodes (though the current efficiency is small) in the frequency range examined, 
shows that these reactions are neither instantaneous nor could they be regarded as 
proceeding with equal velocities. Reaction (4) would make itself felt only in case 
NO, radicals generated are not all utilised for (3). This may happen either because 
reaction (3) cannot proceed at arate sufficient to consume all the silver atoms and 
nitrate radicals produced or because all the nitrate radicals do not come in contact 
with an equal number of silver atoms even if the two are produced at equal rates 
in equivalent quantities by opposite impulses of current on an electrode. The 
latter condition would also account for the formation of a silver deposit. 
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The diminution of current efficiency with increase in frequency (Table I) 
definitely suggests that (1) and (2) do not proceed at the same rate Plotting 
current efficiency against frequency of alternation, we get a curve which indicates 
zero efficiency at a frequency near about seventy. We might therefore infer 
from this that the time required for reaction (1) is approximately 1/140th of a second. 
Reaction (1) is here shown in a rather simplified form. Deposition on a platinum 
surface would involve at least another step : 


Ag+surtace—>Ag (surface) hs (5) 


The time interval of 1/140th of a second should therefore be regarded as the 
time required for both these steps. 


In the direct current electrolysis of a silver nitrate solution between platinum 
cathode and a silver anode, the dissolution of the anode and the deposition of silver 
on the cathode, both proceed, ordinarily, with current efficiencies in the close ne- 
ighbourhood of 100%. It is also observed that the silver deposit on the cathode is not 
only crystalline but that the crystals develop only on certain spots on the surface, 
leaving other spots on the platinum surface uncovered. The surface characteristics 
of some spots are obviously more favourable for the initial deposition of the silver 
atoms than others, and these silver spots, once formed, develop into crystals of certain 
thickness before deposition extends to other spots on the surface of the electrode. 
When a platinum electrode becomes the seat of alternating impulses, conditions 
are not quite favourable for the growth of crystals on the spots where the first 
negative impulse deposits some silver atoms. Also, if silver atoms are deposited 
on only some spots by one impulse, all the nitrate radicals during the next opposite 
impulse need not necessarily be liberated on the same spots. Unless the nitrate 
radicals are liberated either on or in the immediate neighbourhood of the silver 
spots, they cannot all react with silver. The chemical effect of one impulse cannot 
quantitatively be reversed by the succeeding opposite impulse. This picture of the 
phenomena on the electrode accounts not only for a net efficiency, however small, 
in favour of silver deposition but also for the formation of free acid in the electrolyte, 
as some NO, radicals, formed beyond collision distances from the silver spots, become 
available for the reaction (4). With the progress of electrolysis, especially when to 
and fro electrode and chemical reactions take place so rapidly on the platinum surface, 
the characteristics of the surface considered as a whole must change rapidly and 
the formation of a deposit of silver on spots, not covered in the initial stages of the 
electrolysis, may become possible. If an extension of the silver area takes place in 
this manner, one should expect a lesser silver balance for each cycle at a later stage 
of electrolysis and the current efficiency would, in consequence, fall with the 
progress of electrolysis. This would also mean that the silver deposited in the earlier 
stages would so remain on the electrode even if the electrolysis were continued for a 
long time. This is what has been actually realised. 


Data in Table II show that at the same frequency, the current efficiency 
of silver deposition increases with increase in current density. This is explainable 
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on the same picture of the electrode phenomena dealt with in the previous paragraph. 
With increase in current density at the same frequency, the amount of silver 
deposited during the initial negative impulse will be greater, and under otherwise 
similar surface conditions, the balance of silver for each cycle will be greater, 
resulting in a comparatively high current efficiency. 


A further point noticeable from all the tables is that the current efficiencies at 
the two electrodes are not equal, and sometimes the difference is quite appreciable. 
It was observed during the course of this investigation in several instances that while 
the total current efficiency for silver deposition (for the two electrodes taken 
together) was nearly the same for the same pair of electrodes, the results were not 
quite reproducible on individual electrodes when experiments were repeated. It 
appears therefore that surface forces on the electrodes are affected to a large extent 
by the passage of alternating currrent. Oscillographic studies in progress in this 
laboratory have shown that the nature of the alternating current is altered toa 
considerable extent when imposed on the electrodes in an electrolyte. There is 
distortion of the wave form and the extent of distortion and the shape of the wave 
form vary with the progress of electrolysis. These studies are being pursued with 
silver nitrate electrolysis and the results will be published later by one of us 
(K. M. J.). From the results available so far, it appears that the distribution 
of current over the two electrodes cannot be regarded as uniform and identical, 
and in consequence the extent of chemical action at the two electrodes differs. 


Results in Table IV show that the current efficiencies are greater in more 
dilute solutions than in more concentrated ones. Here again we look for an 
explanation from the phenomena in direct current electrolysis where it is observed 
that comparatively dense deposits of silver could be obtained from more concentrated 
solutions for the same number of coulombs passed. The lowering of current 
efficiency with progress of electrolysis was explained, in an earlier paragraph, as being 
due to the extension of silver deposits over a larger number of spots at a later stage 
of electrolysis and the consequent dissolution of a greater proportion of such deposits 
by nitrate radicals during the succeeding half cycle. A deposit which covers a 
greater fraction of the electrode surface during a half cycle is redissolved to a greater 
extent during the succeeding opposite impulse than when the deposit covers fewer 
spots. Hence, we should expect a lesser current efficiency in more concentrated 
solutions (which conduce to give better covering deposits) than in less concentrated 
solutions of silver nitrate. 


DEPARTMENT OF PuysicaL CHEMISTRY, 
CoLLeGe or Scrence, Naceur. Received July 4, 1951. 
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ACID DISSOCIATION CONSTANTS AND BASICITY OF 
BIGUANIDES AND DIBIGUANIDES 


By BasupEB Das SARMA 


In order to make a quantitative study of the relative stability of the inner-metallic biguanide 
complexes of the third order (Ray and Dutt, this Journal, 1948, 25,564), prepared inthis laboratory, 
as well as to work out any possible correlation between the basigenic properties of the chelating 
biguanide ligands and the stability of the metallic complexes formed by them, the acid dissociation 
constants of these basic molecules were first determined. The present paper summarises the 
results of this determination and discusses the variation of these constants with substitution in the 
biguanide molecule. 


Biguanides usually behave asa base (I) like ammonia and amines, combining 
with H* ions to form a conjugated acid, but can also act potentially as 2n acid 
(II), acting as an ampholyte. Thus, 


H,N—C—NH-—-C—NH, H2zN—C—NH—C—NH;* 
+H* 
— 
NH NH NH NH 
(I. Base) 
H,N—C—NH—C—NHz H.N C—NH—C—NH, 
om 1} 
| +H" 
} | ie 
NH NH NH N- 
(IL. Acid) 


They generally behave both as a mono-acidic as well as a diacidic base, forming 
salts of the composition BigH. HX and BigH. 2HX, respectively (where BigH=a 
molecule of biguanide and HX is a monobasic acid). Similarly dibiguanides, like 
ethylenedibiguanide, are known to form salts of the type Et (BigH)». 4HX, showing 
a maximum acidity of four. The acid dissociation constants of the biguanides, 
which give a measure of the strengths of the bases concerned, were determined 
following the method of Bjerrum (‘Metalammine Formation in Aqueous Solution’, 
P. Haase and Son, Copenhagen, 1941) as employed by Carlson, McReynolds 
and Verhock ( /. Amer. Chem. Soc., 1945, 67, 1334). 


The reaction between a given base and proton may be represented as : 


A+H" AH’ 
pene 
AH*+H° ~~ AH,* 
eee 
AH.**+H* — AH;** 
— 
++ + ++++ 
AHs**'+H AH, 


and so on, 
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where A represe¢nts a molecule of the base and AH*, AH»,**, AHs*** and 
AH,**** are the ions of the mono-, di-, tri- and tetra-acid salts respectively, 
representing the successive conjugated acids. 


Thus, we have for the successive acid dissociation constants of dibiguanides, 


a - (Al). gp (AH,**](H') | 

[AH*] ere i 
pp —__(AH*)(H*). py -__ (AHs**'1 0H] Fo (2) 
[AH.**] ' [AH,****] 


These constants were determined by measuring the fu values of the solutions 
resulting from the progressive addition of an acid to the base concerned. The 
concentrations of the different species of ions were determined in the following 
way :— 

Let Cu =concentration of the total acid added, 

C’n =concentration of the total acid present in the mixture at equilibrium 
derived from the observed fu and acid-fu relation, and 


Ca =total ligand or base taken. 


As the solutions employed were very dilute, the activities were considered to 
be identical with their concentrations. 
We have, when acid consumed (Cu — C’x) is less than Ca 
I. Ca =~AH*+A and 
Cu —-C’xn =[AH'*], formation of cationic acids higher than AH’ being 
negligible. 
[AJ=Ca -Cu+Cnx 
d pralCa-CutCu) , , (3) 
" [Cu - Cu] CH] 
Il. Where (Cu —C’n) is) Ca but ¢ 2Ca, 
[A] and acids higher than AH 2** may be neglected. Then 
Cs =~AH2**+AH' 
Cu — Cun =2AH,2**+AH* 
AH2**= Cu —- Cu -Ca 
and AH*=2Ca —- Cu + Cn 


Ce — Cat Cal. cH) ae (4) 


om ks oo 
whence, 2 [Ca -Cu—Cal 


III. Similarly, when (Cu — C’n) is )2Ca, but ¢ 3Ca , we will have 
Ca@AH;***+AHoe** 
Cu —- Cn ~3 AH;***'+2 AHo** 


giving, AH3***=Cu -—C'n —2Ca 
and AH.2** =3 Ca —-Cu +Cu. 
Therefore, k3= (3Ca — Cx + Cur} {[H*] eal (5) 


(Cu ~ Cn —2Ca ) © 
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IV. When Cu —C’nis)3Ca, but (4Ca, 
we have as before, 


Ca - AH,****+AH;*** 
Ca - Cx =4AH,**** +3 AH3*** 


Thus, AH,****= Cu — Cun -3Ca 
AH3;*** =—4Ca-Cuo + Cu 
gp- AC -~CatCu) | [yy Zo (6) 


(Ca —-Cu—-3Ca] 
In the case of dibiguanides, salt formation beyond AH, was never realised. 


The formation curves for these systems were obtained by plotting za against 
the fu values for each separate experiment, where, 
ma =average number of hydrogen ions attached to a base molecule 


fawCs. (7) 
ia 


Every set of experimental result for za and fx will give an equation corresponding 
to 


3n(AH] 








(8) 


asl 


A+ 2[AH,] 


which can be expressed in terms of acid dissociation constants of the base-system 
and [H*], where with V=4, as in the present case, 


og = ARARGCT) +2852500°72 +345 0H']* 40H] (9) 
hikokskyt kokgkg lH") +2344(H*)?+43(H*)°+[H"*)* 

This relation will give four equations for the four &* values, which again 
may be converted into approximation formulae by observing that when ma —”~-}, 
there will be about equal amounts of AHw-; and AH,»— compounds in the 
mixture. We have therefore to a first approximation, 

ka =i{(H lbiaen-} (10) 

This on substitution in the four equations obtained from (9) for the 4 &* 

values, gives the required acid dissociation constants. 


EXPERIMENTAL 
The water used was purified by distillation with alkaline permanganate. 
All measurements were made in solutions prepared in Jena vessels. 


Biguanide hydrochloride solutions were prepared from the corresponding 
biguanide sulphates and barium chloride. 


2 
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0.05M-Biguanide hydrochloride solution (10 c. c.) was taken in each 
of a number of 50 c. c. volumetric Jena flasks and varying quantities of 
standard hydrochloric acid or alkali solutions were added to the flasks and the 
volume was made up to the marks. This gave a number of solutions of 0.011/ 
biguanide base and varying amounts of acid (0.00081/ to 0,0200M in the case of 
biguanides and 0.004 to 0.0754 in the case of dibiguanides) These were kept 
at 32° for twodays and /x values measured in a Beckman /u-meter, model G. 
previously adjusted against standard buffers of xn 4.0 and 7.0. 





TABLE I 
Name of Formula. Found Calc. Ref. 
substance. -~ os a er: 


%N. %SO,  %N. %SO, 


1. Biguanide C.N,H,.H,SO,, 31.00 42.50 30.97 42.48 Ostrogovich, Chem. 
sulphate 15H.O Zentral., 1910, LI, 1890. 

2. Methylbigua- CsN,H,y.H,SO,, 29.20 40.02 29.17 40.00 Reibenschutt, Monats/ 
nide sulphate i5H,0 1887, 8, 394. 

3. Ethylbigua- C,N,H,,;.H,SO,, 28.62 39.09 28.54 39.18 Emich, Monatsh, 
nide sulphate H,O 1883, 4, 408. 

4. Dimethylbigua- C,N,H,3.H,SO,, 28.44 39.01 28.45 39.03 
nide sulphate H,O 

5. Diethylbigu- C,NgH,.5-H.SO,, 23.60 31.90 23.33 32.00 Riy & Ghose, this 
anide sulphate 2.5H,O Journal, 1949, 26, 144. 

6. m-Phenylenedi- C,9N, 9Hi¢-H2SO,, 32.70 22.43 32.72 2244 Ray & Das Sarma, 
biguanide sulphate 3H,O ibid., 1949, 26, 137. 

7. Ethylenedibigu- C,N,9H:...H,SO,, de 42.58 _ 42.57 Ray & Chakrabarty, 
anide sulphate 15H,O ibid., 1944, 21, 47. 

%N. %Cl. %N. %Cl. 

8. Phenylbiguanide C,H,.C,N.Hg, 32.80 16.62 32.78 16.63 Smolka & Friend- 

hydrochloride HCl tich, Monatsh, 1888, 
9, 227. 

9. «&-Naphthyl- C,,H,3.N,-HCl 26.38 13.38 26.57 13.47 Cohn, J. _ prakt 
biguanide Chem., 1911, 84,394. 
hydrochloride 

10. Glycine C,O,NH;: 18.66 ia 18.66 -- 


Alkali solutions were prepared from caustic soda of Merck’s analytical 
variety with a little barium chloride solution to remove any carbonate present 
in the alkali. The solutions were standardised against chemically pure potassium 
bi-iodate. Hydrochloric acid solutions of suitable strength were prepared from 
a constant boiling hydrochloric acid mixture and then standardised against standard 
caustic soda or baryta solution, as also by the determination of chlorine as silver 
chloride. The /x-measurements in the alkaline range, above fu 9, were corrected 
for the presence of alkali metal ions from the correction table supplied with 
the xu meter. 
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Tables II and III show the results of determination of the acid dissociation 
constants of two representative biguanide and dibiguanide respectively. The figures 
1 to 4 represent graphically the results of measurements for all the bases examined. 
Table IV gives the summary of the values for the acid dissociation constants 
of the bases along with those of some other bases for comparison. 


TABLE II 
Acid dissociation constants of biguantde. 
Ca = 0.01L¢M. Temp =32°. 
Cu. pH. nA. k,x10"*. k, x 10° 
0.0020 2.60 17049 eee 1.05) 
.01796 2.77 1.5965 wd 1.15! mean 
.01592 2.99 1.4745 one 1.13} 1.17 
.01388 3.28 1.3213 nn 1.24 } 
.01184 3.63 1.1577 oss 1.28 
.00898 10.46 0.898 3.94 )} 
00796 10.97 0.796 2.75 | 
00694 11.20 0.694 2.72 | mean 
.00592 11.38 0.592 2.88 } 3.19 
00490 11.52 0.592 3.15 | 
-00388 11.63 0.490 3.70 | 
00286 11.75 0.388 4.44 ) 
.00184 11.86 0.184 6.12 
.00082 11.91 0.082 13.80 
Ka =k, ; ke=3.733x 10-"8 
k, =3.02x 10-12 
* from Fig. 1. 
k. =1.167 x 107° 
Ke = ( overall-graphical ) =3.525 x 10° '5 
Kay =(k,, ky)? =5.936 x 10°*. 
TABLE III 
Actd dissociation constants of ethylenedibiguanide. 
Ca=0.01 Temp.= 32°. 
e * * . 

Cn. pH NA. k, x 10*?, kg x 10"*. ks x 103. yl 102, 
0.075 1.520 3.698 " - < 1.31 ) 
0.060 1.690 . 3.545 ia “ sed 1.70 \mean 
0.050 1.850 3.302 nae oe jo 3.36 } 2.09 
0 040 2.120 3,088 - Ms i. i 
0.038 2.170 2.987 we 
0.034 2.340 2.85 0.80 } 

0.032 2.460 2.793 0.91 | 
0.030 2.590 2.684 1.19 }mean 
0.028 2.720 2.579 1.39 | 1.27 
0.024 3.040 2.309 va 2.04 J 
0.018 10.543 1.800 5.27 ) ane 
0.016 11.180 1.600 4.40 +} mean 

0.014 11.400 1.400 5.97 J 5.22 

0.012 11.535 1.200 ~ den 

0.008 11.607 0.800 0.62} 

0.006 11.710 0.600 1, Solis” 

0.004 11.780 0.400 2.49 } 1.43 


&, =k kek she =1.97 x 10-2°, 
Ke ( graphical ) =1.91 x 10-2°, 
ee 10°’, 
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TaBLe IV 
Actd dissociation constans. 
Graphical Experimental (mean) 
H+ - A -— . 
* >. * * * . 7 
pk,. pk.. pk ly. pKav. pk,. pk. 
Biguanide® 11.52 2.93 8.58 7.23 11.50 293 
Methylbiguanidea 11.44 3.00 8 44 7.22 11.41 299 
Ethylbiguanide@ 11.47 3.08 8.39 7.28 11.47 3.08 
Phenylbiguanidea 10.72 2.16 8.56 6.44 10.76 2.13 
Naphthylbi- 
guanide® 10.24 2.05 8.19 6.15 10.24 2.04 
N’-Dimethylbi- 
guanide 11.52 2.77 8.75 7.15 11.53 2.73 
N’-Diethyl- 
biguanide@ 11.68 2.53 9.15 7.11 11.64 2.56 
Glycine 9.55 2.15 7.31 5.90 9.52 2.20 
Ethylene- 
diamine> 9.92 7.29 2.63 8.60 ee 
Exptl. mean 

pky. pk. pk.,. pk, pKav. pk,.  opk,. pks. phy. 
Ethylene dibi- 
guanide@ 11.76 11.34 2.88 1.74 6.93 11.83 11.28 2.90 1.68 
m-Phenylene- 
dibiguanidea 11.39 9.87 2.15 1.41 6.20 11.35 9.80 2.18 1.38 
Ammonia> 9.61 
MeNH,> 10.72 
EtNH 10.81 Bruchlman and Verhock, J. Amer. Chem. Soc., 1948, 70, 1401. 
Et,NH 10.96 Carlson and co-workers, ibid., 1945, 67, 1334. 
Et,Nb 10.77 
C,H,, NH, 4.54 Larson, Z. physikal. Chem. 1934, A 169, 207. 
(EtO) NH,> 9.60 
(EtO),NH> 9.00 
(EtO),N»> 7.90 


(a. present investigation; b. Bjerrum, Chem. Rev., 1950, 46, 381) 


DISCUSSION 


Biguanides generally behave mainly as mono-acidic bases. Table IV shows that 
as bases, their strength may be compared by their first dissociation constants, 
the second proton-accepting tendency being about 10-7 to 10° times that of the 
first. 


But as already mentioned, in addition to their basic function yielding conjugated 
acids by combination with H* ions, they can act potentially as acids, and may 
therefore be represented as a tautomeric compound having structures (I) and (II) 
in dynamic equilibrium, with (I) preponderating over (II). Each of these tautomeric 
forms can again resonate among several valence bond structures. As suggested 
by Calvin (J. Amer. Chem. Soc., 1945, 67, 2003), the stability of a complex formed 
by ametal ion with chelate molecules depends on a number of rather complicated 
factors, of which one is the same for both the metal and hydrogen ions, obviously 
depending on the basic strength of the ligand, while another involves some 
resonance effect concerning the co-ordinated residue. The second coasiderat ion 
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is inno way less important than the first, and in fact, may sometimes more than 
neutralise the adverse effect of low basigenic character of the ligand to yield a 
very stable complex. 


While considering the basic strengths of the ligands, there seems to exist an 
optimum strength of the co-ordinated addendum, depending on the nature of the 
complex forming metal ion and of the solvent, for too strong a base will combine 
readily with hydrogen ions and will not be effectively available for co-ordination 
with the metal ion, whereas too weak a base will have but little tendency for 
combination with positive ions asa rule. 

Calvin’s suggestion regarding the resonance effect of ligands on the stability 
of complexes yielded by them becomes evident when we consider that hydrogen, 
as is well known, is incapable of forming two stable co-valent bonds, as it can 
have only one stable orbital (1s); and definite parallelism between the basic 
strengths of ligands and stability of complexes cannot be expected even from 
the viewpoint of energetics. 

There again seemsto hold no definite relation between the change in the 
strengths of bases with substitution, thus in the ethyl series the basic strength 
increases in the order: NH s<EtsN<EtNH.<EteNH, while with ethanolamines it 
is rather regular: (EtO);N<(EtO),.NH<(FtO)NH2<NHs. 

As expected, the basic strengths decrease with aromatic substitution. 


pki for NH3~9.61, MeNH.=10.72, Et(NH,)=10.81, PhNH2—454 and 
8-naphthylamine = 4.28. 


Biguanides, considered in the light of their first acid dissociation constants, 
show the following order of their strength as bases : 


N!-Et2Big)N!-Me,Big)> Big) EtBig> MeBig) PhBig>-naphth-Big. 
But from a consideration of their average acid dissociation constants 
Kewm (Bi. 5k)” 

the order becomes still more anomalous, 

EtBig>Big) MeBig>) N!-MeoBig> N?!-Et,Big> Ethylenedibiguanide> PhBig) 
m-phenylenediBig)>naphthyI|Big. 

The author’s grateful thanks are due to Prof. P. Ray for his kind interest and 
guidance. \ 


Inorganic CoEemistry LABORATORY, Received September 29, 1951. 
University COLLEGE oF ScrEeNnce 
& Tecuno.oey, CaLcurra, 














m—m THitn of wt 


_- oo cco eo oo 



















(Jour. Indian Chem, Soc., Vol. 29, No. 4, 19521 


STUDIES IN THE FRIES REACTION. PART VI. THE FRIES 
REARRANGEMENT OF NAPHTHOL ESTERS 


G. G. JosH1 AND N. M. SHAH 


The Fries migration of acetyl and benzoyl esters of <-and f-naphthols has been systematically 
investigated. The effect of various factors on the course of the migration has been studied. The 
yields of the ketonic products from benzoyl esters are poor. For the purpose of comparison, Nencki 
and Friedel-Crafts reactions on the naphthols have also been carried out. 

In continuation of the work on Fries migration described in the previous parts 
of this series (Shah e¢ ad, this /ourna/, 1946, 23, 199, 234; 1948, 25, 377; 1949, 26, 
235 ; 1950, 27, 531) the present communication describes the systematic investigation 
of the rearrangement of the naphthol esters under conditions of the Fries reaction. 


The perusal of literature shows that scanty information is available on the 
migration of the naphthol esters. Lederer (/. prakt. Chem., 1932, 135, 49) carried 
out the low temperature rearrangement of a few «-naphthyl esters in nitrobenzene 
and found the principal product as the f-hydroxy-ketone. Fries (Zer., 1921, 
54, 709) investigated the isomerisation of the acetate at higher temperature ; 
Stoughton (/. Amer. Chem. Soc., 1935, 57, 202) extended it up to the valerate. 
He found that in addition to o-hydroxy-ketone, a small quantity of 4-lhydroxy isomer 
as well as 2: 4-diacetyl-l-naphthol was formed. #-Naphthyl acetate isomerises to 
l-acetyl-2-naphthol, as might be expected. However, Fries and Schimmelschmidt 
( Ber., 1925, 58, 2835) could isolate a small quantity of 6-acetyl-2-naphthol from the 
mother-liquor after the separation of the main product. Recently, Sergievskaya and 
Morozovskaya (_/. Gen. Chem., U. S. S. R., 1944, 14, 1107 ; 1945, 15, 319) have studied 
the Fries migration of 5:6:7: 8-tetrahydro-<-naphthol esters and obtained (7) 
1-hydroxy-4-ketone derivative and (7) 1-hydroxy-2-keto isomer. Chakravarti and 
Bagchi (this Journal, 1936, 13, 689) carried out the Fries migration of 4-halogenated 
4-naphthol esters. The Fries migration of naphthol benzoates has been hardly 
studied. Lederer (/oc. cz/.) unsuccessfully attempted it with «-naphthyl benzoate. 
Given and Hammick ( 7. Chem. Soc., 1947, 1239) carried out the migration of 8-naphthyl 
benzoate in nitrobenzene with boron trifluoride as the migrating agent. 


With a view to investigating systematically the effect of different factors like 
the amount of migrating agent, temperature and solvent on the Fries isomerisation 
of «-and #-naphthyl acetate as well as benzoate, the present investigation was 
undertaken and the results obtained are presented in the paper. 


The Fries rearrangement of <-naphthyl acetate was carried out by using 
different molecular proportions of the migrating agent (AICl;) at 65°-70° for 1 hour ; 
in all cases, 2-acetyl--1-naphthol was isolated in nearly 60% yield| The use of less 
than 3.3 mols. of aluminium chloride resulted in some unchanged «-naphthyl acetate, 
With 3.3 mols. or more of aluminium chloride, in addition to 2-acetyl-l-naphthol, 
the 4-acetyl isomer was isolated in minute quantity, the separation being effected 
by steam-distillation. With nitrobenzene as the solvent at room temperature, 
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the 4-acetyl isomer was obtained; carbon disulphide did not affect the migration 
under the same conditions. If the period of the reaction with nitrobenzene as solvent 
was prolonged to 48 hours or more, 2 : 4-diacetyl-1-naphthol was obtained. 

Zinc chloride as a migrating agent brings about the rearrangement only above 
120°, yielding 2-acetyl-l-naphthol. For sake of brevity and to avoid repetitions, the 
results obtained are given in a tabular form (Table I). 

For sake of comparison, <-naphthol was subjected to Nencki as well as Friedel- 
Crafts reactions. The Nencki reaction on «-naphthol furnished only 2-acetyl-1-nap- 
hthol in good yields at temperatures ranging from 120°-150° (cf. Witt, Ber., 1888, 21, 
324). The Friedel-Crafts acetylation using ZnCl or AICl3 yielded both the isomers, 
2-acetyl- as well as 4-acetyl-l-naphthols, when 1 mol. of acetyl chloride was used ; 
while with 2 mols. of the acid chloride, 2 : 4-diacetyl-1-naphthol was obtained. 


TABLE I 


Fries migration of «-naphthyl acetate. 
Amount of the ester used=5 g. (1 mol.) 





Products 
Expt Temp. Reaction Amount Unchanged 2-Acetyl- is 4-Acetyl-_ 2: 4-Di- 
time. of AICI, &-naphthyl 1-naphthol. 1-naphthol. acetyl-1- 
(in mols.) acetate. naphthol. 
i 65°-70° 1 hr. 2 2.0 g. 1.2 g. 
2. = 1 2.2 1.0 2.0 
3, -25°-30° 24 3.3 3.7 0.0 ols ai 
4. 65°-70° 1 3.3 “ 3.0 Traces eee 
5. . 1 4.4 - 3.0 
6. 1 5.5 one 3.0 ove 
} - 3 3.3 eee 2.8 
8. 95°- 100 1 3.3 3.0 ose ove 
9. 25° 24 3.3 eed Traces 2.5 g. 
(room temp.) f 
10 ‘ 72 3.3 _ one Traces 25 g. 
11. i 24 3.3 3.0 
ZnCl,. 
12. 65°-70° 1 3.3 3.5 
13. 125°-130° 1 3.3 2.5 
14. 140°-145° 1 3.3 3.0 
Note: (1) In experiments 9 and 10, nitrobenzene (60 c.c.) was used andin 11 carbon disulphide 


was used as solvents. 
(2) Inexperiments 4,9 and 10, asmall quantity of non-ketonic product was recovered 


on working up the reaction mixture. 
(3) A variable amount of tarry material from which no crystalline product could be 


isolated, was left after other crystalline products were separated, 
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The results show that the Nencki reaction furnishes a convenient method for 
the preparation of 2-acetyl-l-naphthol; while the products obtained in the Fries 
and in the Friedel-Crafts reactions vary according to experimental conditions. 


B-Naphthyl acetate on being subjected to the Fries migration using different 
proportions of aluminium chloride gave l-acetyl-2-naphthol, the migration going to 
completion when the amount of AICls; was three or more molecules. Besides this 
product, other ketonic product (m. p. 150°) has also been isolated in small quantity, 
which is being cullected for further work. It is interesting to note that this ketone is not 
found when the migration is carried out using nitrobenzene as a solvent. $8-Naphthy! 
acetate does not isomerise at room temperature with carbon disulphide as 
a solvent. 

Zinc chloride instead of aluminium chloride gives at 140°- 160° 6-acetyl-2-naphthol, 
m.p. 171°, also obtained by the Nencki reaction on 8-naphthol (cf. Witt and Braun, 
Ber., 1914, 37, 3216). For sake of brevity, the results of Fries rearrangement of 
8-naphthyl acetate are shown in Table IL. 


TABLE II 
Fries migration of B-naphthyl acetate. 
Amount of the ester used =10 g. (1 mol.). 


Prcducts 
Amount 2 Other 
Expt. Temp. Reaction of AICI, B-Naphthy! 1-Acetyl- B-Naphthol. ketonic 
time. (in mols.) acetate. 2-naphthol. product. 
1. 60° 1 hr. 1.1 5.3 g. 0.4 g. aE Traces 
2. 60 1 2.2 2.5 13 ‘ie - 
3. 60 1 A se 4.0 wis 0.4 g. 
4. 60° q 3.3 — 4.0 ais 0.4 
5. 96°-100° l 3.3 “ 4.2 eco 0.4 
6. 120° l 3.3 ; 45 ‘ae 0.3 
A 60° 1 4.4 oe 4.2 plas 0.35 
8. 60 1 3S an 4.2 he 0.35 
9. Room temp. 14 3.3 ine 3.4 
10. es 48 3.3 ail 3.5 
11. 24 3.3 6.0 
ZnClg. 
12 95°- LOU? 1 3.3 8.0 = 1.0 g. 
13. 120°- 125° 1 23 eve eee 7.0 ais 
14. 140’- 145° 1 3.3 sin ove 6.0 0.2 
15. 155’-60° 1 3.3 one ace 6.0 0.3 


Note: (1) In experiments 9 and 10, nitrobenzene (75 ¢.c.) was used and in experiment 11 
carbon disulphide was used as solvents. 
(2) In experiments 9 and 10, an appreciable quantity of non-ketonic product was 
recovered on working up the reaction mixture. 
(3) A variable amount of tarry material from which no crystalline product could be 
isolated, was left after other crystalline products were isolated. 
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The Fries migration of «-naphthyl benzoate was similarly investigated: The 
migration product isolated in poor yield has been assigned the constitution 4-benzoyl- 
1-naphthol as (2) it agrees with the compound obtained by Friedel-Crafts benzoylation 
of «-naphthol, (77) it does not give FeCls colour test, and (ci) it agrees with 
1-hydroxy-4-benzoylnaphthalene obtained by Phadke and Shah (this Journa/, 1950, 
27, 355; vide also Scholl and Seer, Ammalen, 1912, 394, 151). It was further 
confirmed by carrying out the decarboxylation of 4-benzoyl-l-hydroxy-2-naphthoic 
acid (unpublished). It is noteworthy that a considerable amount of non-crystallisable 
product is left over after the separation of the above ketone. On the contrary, 
the Friedel-Crafts reaction gives an excellent yield of the ketone. 


The rearrangement of £-naphthyl benzoate was also studied in the same manner, 
1-benzoyl-2-naphthol having been isolated in poor yield. The reaction on being carried 
out in nitrobenzene resulted in a better yield of the same product. The constitution, 
1-benzoyl-2-naphthol, is proved by (7) its identity with the product of Friedel- 
Crafts benzoylation of 8-naphthol, (zz) its positive ferric chloride colour test, and 
(777) its melting point agreeing with that of the product obtained by Given and 
Hammick (loc. ctt.). It is noteworthy that unlike the rearrangement of 8-naphthyl 
acetate, the benzoate gives only one product. 


The results of the migration of <- and f-naphthyl benzoate are given in tabular 
form (Tables III and IV). 


TABLE III 
Fries migration of *-naphthyl benzoate. 


Amount of ester used = 3.0 g. (1 mol.). 





Products 
Zee aus ep one as eam, 
Amount 
Expt. Temp. Reaction of AICI. 4-Naphthyl 4-Benzoyl- Non-crystallisable 

No. time. (in mols.) benzoate. 1-naphthol. product. 

1. 80° 2 hrs. 3.3 ac 0.6 g. 1.5 g. 

2. 100° 2 3.3 jai 0.7 14 

4 3 33 jen 0.7 15 

4. + 33 “en 08 15 

5. 2 1.1 2.0 g. 0.0 

6. 2 2.2 18 Traces ron 

. mn 2 44 an 0.7 16 

8. 120° 2 3.3 is 0.6 15 

9, 140° 2 3.3 si 0.5 1.8 
10. 160° 2 3.3 ae 0.3 18 
11. 180° 2 3.3 oe Traces 2.0 
12. 200° 2 3.3 _ Traces 2.2 
13. 100° 2 3.3 “ 0.6 1.6 
14. Room temp. 24 3.3 eee 13 14 
15. = 48 3.3 sits 1.6 15 


Note: In experiments 13, 14 and 15, nitrobenzene (35 c.c.) was used. 
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TaBLe IV 


Fries migration of B-naphthyl benzoate. 
Amount of ester used =3.0 g, (1 mol.). 


Ptoducts 
4 —~ 
Expt. Temp. Reaction of AIC, 8-Naphthyl 1-Benzoyl- pore oo A 
No. time. (in mols). benzoate. -2-naphthol. product. 
1. 80° 2 hrs. 3.3 ove 0.7 g. 11g. 
2. 100° 2 1.1 224. Traces 
3. ‘i 2 2.2 1.6 
4. 2 4.4 a 0.8 g. 1.2 
5. 3 3.3 os 0.7 1.2 
6. 4 3.3 ove 0.7 13 
= 120° 2 3.3 os 0.7 1.4 
8. 140° 2 3.3 _ 0.5 1.5 
9. 160° 2 3.3 ove 0.3 1,7 
10. 180° 2 3.3 ose Traces 2.1 
11. 200° 2 3.3 reve 0.8 g. 23 
12. 90°-95° 2 3.3 dee 0.8 
13. Room temp. 24 3.3 ane 2.0 
14. = 48 3.3 ee 2.0 


Note: In experiments 12, 13 and 14, nitrobenzene (30 c.c.) was used as the solvent. 


ExPERIMENTAL 


4-and B-naphthyl acetates and benzoates required for this investigation were 
prepared by the usual methods. 

The migration was carried out (a2) without a solvent and (4) in nitrobenzene 
or carbon disulphide as a solvent according to the general method described in the 
earlier papers of this series (/2c. cz¢.). In all cases several experiments were repeated 
for purpose of confirmation. The reaction was investigated under a variety of 
experimental conditions. 

For sake of uniformity in all experiments, 1 mol. of the ester was taken and 
the weights of the products mentioned are of the pure products after necessary crystalli- 
sation. Only the experiments under the optimum conditions are described for sake 
of brevity. 

Fries Migration of «-Naphthyl Acetate 

(a) Without solvent—Aluminium chloride (12 g., 3.3 mols.) and «-naphthyl 
acetate (5 g., 1 mol.) were intimately mixed and the mixture was heated at 65°-70° 
on a water-bath for 1 hour ; the reaction mixture was then treated with ice-cold water 
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and concentrated hydrochloric acid (5 c. ¢.) added. The solid separating was 
thoroughly washed with water.and subjected to steam-distillation. 


The steam-volatile compound was collected and crystallised from dilute alcohol 
as pale greenish needles, m.p. 100-101°, yield 3 g. It was identified as 2-acetyl-1- 
naphthol by direct comparison with an authentic sample. 


The non-volatile brownish residue in the flask was collected and extracted with 
dilute alkali, and filtered from the insoluble matter. On acidifying the filtrate with 
concentrated hydrochloric acid, a solid separated which was collected, washed 
with water and crystallised from alcohol, m. p. 200-01°. It was found to be 4-acetyl- 
1-naphthol. The yield was poor. It is soluble in alkali and also in hot sodium 
bicarbonate solution with a pale yellow colour. It gives olive-green coloration with 
alcoholic ferric chloride. 


The above separation could not be effected by the usual fractional crystallisation. 
After removal of 2-acetyl-1-naphthol, pasty mass began to separate from which no 
definite product could be isolated. 


(4). With seloent—A solution of anhydrous aluminium chloride (12 g., 3.3 
mols.) in dry nitrobenzene (60 c. c.) was added to «-naphthyl acetate (5 g., 1 mol.), 
similarly dissolved in nitrobenzene (15 c. c. ), the access of moisture being prevented 
by CaClo guard-tube. -The mixture was left at room temperature for 72 hours. 
‘It was then decomposed by ice water containing hydrochloric acid (7 c. c.). 
Nitrobenzene was steam-distilled off. The residue was collected, extracted with 
dilute alkali (5%) and filtered from insoluble matter. 

The alkaline filtrate was acidified ; the solid obtained was collected, dried and 
crystallised from benzene as pale yellowish green needles, m. p. 140-41", identified 
by mixed melting point as 2: 4-diacetyl-l-naphthol, yield 2.5. It dissolves in 
alkali with a yellow colour and gives bluish black colour with alcoholic ferric 
chloride. 


The benzene-insoluble residue, on crystallisation from dilute alcohol, melted 
at 199-200 (minute quantity) identified as 4-acetyl-1-naphthol 

Nenckt Reaction on 4-Naphthol—Zine chloride (8 g., 1.5 mols.) was dissolved 
in glacial acetic acid (12¢.c.) and «-naphthol (5 g. 1 mol.) was added and the 
mixture refluxed for- about 5 minutes on wire-gauze. On treating the cooled 
reaction mixture with water, a solid separated which was collected and crystallised 
from alcohol, m. p. 100-101°. Mixed m. p. with an authentic sample of 2-acetyl-1- 
naphthol was undepressed, yield 55%. 

Friedel-Crafts A:etytation of 4-Naphthol.—This reaction was investigated under 
different conditions using zinc chloride as well as aluminium chloride as the 
condensing agent, with different molecular proportions of the acid chloride. 


Acetyl chloride (12 g. , 1. 1 mol.) was gradually added to a mixture of powdered 
zinc chloride (20 g.), 4-naphthol (20 g.,1 mol.) and dry nitrobenzene (100 c.c.) 
with cooling in an ice-bath, the mixture being well shaken after each addition. The 
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solution gradually became viscous. It was left at room temperature for 48 hours and 
then decomposed by ice and dilute l.ydrochloric acid (4 c.c.) and the nitrobenzene was 
steam-distilled off. The steam-distillation was continued till steam-volatile 2-acetyl- 
l-naphthol came out. It was collected and crystallised from alcohol, m. p. 100-101’, 
yield 5 g. 

The non-volatile residue in the flask was filtered and extracted with dilute 
alkali. The alkali-soluble portion on acidification gave a solid which was collected 
and crystallised from alcohol as prismatic needles, m. p. 199-200°, yield 8g. It was 
identified as 4-acetyl-l-naphthol. 


The above reaction under the conditions identical as before but with 2 mols. 
of acetyl chloride yielded predominantly 2 : 4-diacetyl-1-naphthol, m.p. 140-41’. 


The acetyl derivative of 2-acetyl-1-naphthol, prepared as usual, crystallised from 
alcohol as rhombohedral crystals, m. p. 104-105°. Ullmann (er, 1897, 30, 1469) 
reports the same m. p. The semzcarbazone crystallised from alcohol as small needles, 
m p. 304-305". Akram, Desai and Kamal (Proc. Ind. Acad. Sct. 1940, L1A, 141) give 
the same m. p. ; 


The acetyl derivative of 4-acetyl-l-naphthol, prepared as usual, crystallised 
from alcohol as needles, m. p. 80-81". The semicarbazone, prepared as usual, crystallised 
from alcohol, m. p. 200-201° (decomp.). The oxime crystallised from alcohol as 
colorless plates, m. p. 249-50° (decomp.). The methyl ether crystallised from benzene 
in needles, m. p. 72-74°. 


The benzoate of 2: 4-diacetyl-l-naphthol crystallised from alcohol as lustrous 
needles, m. p. 118-19°. (Found: C, 76.96; H, 4.89. C,,H,,O4-requires C, 75.91 ; 
H, 4.92 per cent). The semcarbazone crystallised from alcohol, m. p. 287-89° 
(decomp.). 


Chalkones derived from 2-Acetyl-and 4-Acetyl-\-naphthols 


1-Hydrox)naphthyl-2-styryl-kelone.—2-Acetyl-1-naphthol (1 g ) and benzaldehyde 
(1 g.) were dissolved in hot alcohol and the solution was treated with sodium 
hydroxide (6 c.c, 50%). It was then warmed a water-bath and left at room 
temperature overnight. The mixture was then acidified when a yellow solid separated. 
It was collected and crystallised from alcohol as orange plates, m. p. 125°. Kostanecki 
( Ber., 1898, 31, 705) gives the same m. p. 


1-Hydroxynaph/hyl-4-sivryl-ketone was prepared as above by condensing 
4-acetyl-l-naphthol (1 g.) with benzaldehyde (1 c.c.) at room temperature for 24 
hours in presence of sodium hydroxide (50%, 2c. c.). It was worked up as before, and 
crystallised from alcohol as pale yellow needles, m. p. 180-81". (Found ; C, 82.25; H, 
5.21. C},H;4O¢ requires C, 83.21 ; H, 5.16 per cent). 


The dibromrde of the chalkone, obtained by brominating it in acetic acid solution, 
crystallised from alcohol as colorless needles, m. p 204-205. (Found: Br, 36.74. 
C,9H;,O2Brerequires Br, 36.80 per cent). 
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Fries Migration of B-Naphthyl Acetate—It was carried out under various 
conditions as in the case of «-naphthyl acetate. The reaction product on steam- 
distillation gave 1l-acetyl-2-naphthol as a steam-volatile product, m. p. 64-65". 


The residual liquid in the flask was filtered hot and on cooling a paste 
separated which solidified on keeping. It was extracted with sodium hydroxide (5%). 
The alkaline filtrate on acidification gave a yellow solid, which on crystallisation 
from alcohol and then from benzene gave pale yellow needles, m. p. 149-50. 
(Found : C, 77.8; H, 5.4. Cy,2H, O02 requires C, 77.42; H, 5.37 per cent). It does 
not give any colour with alcoholic ferric chloride. It dissolves with orange colour 


in alkali; it gives red coloration with concentrated HgSO,. disappearing on 
dilution. 


The aceéate of ketone (m. p. 149-50") crystallised from alcohol, m. p. 97-98". The 
semicarbazone crystallised in lustrous needles from alcohol, m. p. 232-33° (decomp.). 
Further work on the constitution of the above compound is in progress. 


With Zine Chloride.—The migration was carried out as in the case of aluminium 
chloride at 140°-145°. The reaction mixture was decomposed by hydrochloric acid and 
ice. The pasty mass was extracted with sodium carbonate (10%). The alkaline 
filtrate on acidifying gave a product which crystallised from benzene as pale yellow 
prisms, m. p. 170-71°. It was identified as 6-acetyl-8-naphthol by the mixed melting 
point with a sample prepared according to Witt and Braun's method (/oc. ctt.). 


The sodium carbonate-insoluble residue on crystallisation from water was 
identified as B-naphthol. 


Nencki Reaction on B-Naphthol—B-Naphthol (5 g.,1 mol.) was added to the 
solution of anhydrous zinc chloride (8 g., 1.5 mol.) and glacial acetic acid (12 c. c.), 
the access of moisture being prevented by CaCl, guard-tube. The reaction mixture 
was refluxed on an oil-bath at 140°-150° for 30 minutes. It was cooled and poured 
in acidulated water. ‘Ihe paste that separated was washed with cold water and 
extracted with sodium carbonate (8%) solution, which on acidifying yielded a 
minute quantity of 6-acetyl-/-naphthol (0.3 g.), mixed melting point with an authentic 
sample being unchanged 


The sodium carbonate-insoluble residue was identified as unchanged /-naphthol 
(3 g.). 

The acetyl derivative of 1-acetyl-2-naphthol, prepared by sodium acetate-acetic 
anhydride, crystallised from alcohol as colorless needles, m. p. 78-79". (Found : C, 
73.04 ; H, 4.99. Cale for C,,4H 1203 : C, 73.72; H,52 per cent). The semticarbazone 
crystallised in needles from alcohol, m. p. 223-24° (decomp.). The chalkone, prepared 
by condensation with benzaldehyde in presence of alkali, crystallised from alcohol, 
m. p. 112-13°. (Found: C, 8285; H, 5.21. Cy9H14O02 requires C, 82.21; H, 5.16 
per cent) 

The acetate of 6-acetyl-2-naphthol crystallised from alcohol in long flat needles, 
m. p. 86-87. (Found?: C, 73.65; H, 5.86. Cale for C14H12Os : C. 73.72; H 5.26 per 
cent). The denzoate was obtained as colorless needles from alcohol, m.p. 277-78 
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(Found: C, 78.44; H, 4.91. Ci9H14O3 requires C, 7861; H, 482 per cent). The 
semticarbazone crystallised from alcohol, m. p. 254-55° (decomp.). 


Fries Migration of «-Niphthyl Benzoate.—A solution of aluminium chloride 
(4.1 g. 3.3 mols.) in dry nitrobenzene (25. c.) was added to <-naphthol benzoate 
(3 g., 1 mol.), dissolved in nitrobenzene (10 c.c.), the mixture being protected from 
moisture by CaCle guard-tube. It was allowed to remain at room temperature for 
24 hours and then decomposed by acidulated ice-cold water. 


The nitrobenzene was removed by steam-distillation. The residual solid was 
crushed into powder and extracted with dilute sodium hydroxide 65-87). 


The alkali-soluble portion was acidified ; the solid was collected, washed with 
water and crystallised twice from alcohol as pale yellow prisms, m. p. 163-64’, yield 
13 g. The mixed m. p. with 4-benzoyl-l-naphthol, obtained by Friedel-Crafts 
benzoylation, was undepressed. It dissolves with dark red coloration in concentrated 
sulphuric acid; it gives yellow coloration with alkali. It does not give any colour 
with alcoholic ferric chloride. 


Friedel-Crafts Benzoylation of +-Naphthol—«-Naphthol (7.2 g., 1 mol.) was 
dissolved in nitrobenzene (20 c. c.) and benzoyl chloride (7.7 g., 1.1 mol.) was 
added. To this mixture a solution of aluminium chloride (73 g., 1.1 mol.) in 
nitrobenzene (30 c. c.) was slowly addej with continuous shaking and cooling. 
The reaction mixture was kept overnight at room temperature (25°-27°) with 
CaClg guard-tube. It was then decomposed by hydrochloric acid and ice: 
nitrobenzene was steam-distilled off. The residue was filtered and extracted with 
sodium hydroxide solution (5-8%). The alkaline extract was acidified ; the solid 
collected and crystallised from alcohol as pale yellow prisms, m. p. 163-64’, yield 
4.6 g. Phadke and Shah (this Journal, 1950, 27, 355) record the same m.p. The 
alkali-insoluble product could not be crystallised. 


The acetyl detivative crystallised from dilute alcohol as needles, m. p. 97-98", 
(Found : C, 7854; H, 488. Ci,9H140O3 requires C, 7854; H, 488 per cent). The 
semicarbazone has m. p. 257-58° (decomp.). 


Similarly, benzoylation of 8-naphthol gave a good yield of 1-benzoyl-2-naphthol, 
identical with the product obtained by the Fries reaction. 


The Fries Rearrangement of B-Naphthyl Benzoate—It was carried out in 
the same manner as «-naphthyl benzoate. The solid obtained was crystallised 
from alcohol as pale yellow prisms, m. p. 140-41°, yield 12g. Given and Hammik 
(loc. cit.) give the same m. p. It gives a dark brown colour with alcoholic ferric 
chloride and dissolves in alkali with a yellow colour. 

The acetyl derivative crystallised from alcohol as needles, m. p. 89-90°. (Found : 
C, 78.44: H, 4.92. Ci9Hi4Os3 requires C, 78.61 ; H, 4.82 per cent). The semcarda- 
cone, yellow needles, m p 273-74’ (decomp.). 

M. R. Scrence Institure, 


GuJARAT COLLEGE, Received August 5, 1951. 
AHMEDABAD. 
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BROMINATION OF COMPOUNDS CONTAINING TWO AROMATIC 
NUCLEI. PART X. BROMINATION OF ARYLAMIDES 
OF 5-NITROSALICYLIC ACID 


By G. V. JabDHav AND P. G. NERKLEKAR 


Bromination of anilide o-, m- & p-toluidides, o-, m- d> p-nitroanilides, 0- & p-anisidides, p-phenetidi- 
de and f-naphthylamide of 5-nitrosalicylic acid has been carried out in presence of acetic acid m«dium 
as well as with liquid bromine. The constitution of the products has been proved by hydrolysing 
them and identifying the acidi: and basic parts, 


The present work was taken up with a view to studying the effect of the 
substitution of a basic group in place of phenolic group in the derivatives of 
5-nitrosalicylic acid, towards bromination. I[t has been observed that in most 
cases bromine must be entering both the nuclei even in acetic acid medium 
even though the reactants were in the proportion 1:1, as no pure product could 
be isolated except in the case of nitroanilides and /-toluidide, where monobromo 
derivatives with bromine in acidic part were isolated. Pure dibromo derivatives 
could, however, be isolated when the proportion of the reactants was in 1 : 2, 
whereas in the case of aryl esters (cf. Thakkar and Jadhav, this Journal, 1951, 28, 328) 
under these conditions bromine entered only the acidic part. 

In the case of o- and /-anisidides, the reaction went further and tri-substitution 
products could only be isolated in pure state, by using 3 molecules of bromine for 
one of the arylamide. 

Liquid bromine could give higher bromination products in all cases except 


in the cases of #z- and p-nitroanilides and o-anisidide. 


The constitutions of these bromo derivatives were arrived at by hydrolysing 
them with caustic potash and identifying the acidic and basic parts by mixed melting 
points with authentic specimens or sometimes by conversion of amines into their 


hydrochlorides or acetyl derivatives. 


ExPERIMENTAL 


Bromination wn Acetic Acid Medium.—The arylamide (2 g.) was dissolved 
in hot acetic acid and then mixed with 50% bromine solution. The mixture was 
allowed to cool except in the case of f-nitroanilide, where it was boiled for 2 hours. 
The solid separating was filtered, washed and crystallised from acetic acid except in 
the case of f-nitroanilide derivative which crystallised from nitrobenzene. The 
compounds are described in Table I. 
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Bromination with Liquid Bromine.—The arylamide (2 g.) was slowly added to 
liquid bromine (9 g.) and the reaction mixture was left overnight at room tempera- 
ture. It was then diluted with water and the solid triturated with sodium bisulphite 
solution to remove excess of bromine and crystallised from acetic acid except in the 
case of B-naphthylamide derivative which crystallised from nitrobenzene. The 
compounds are described in Table II. 


Hydrolysts——The bromo derivative (1 g.) was refluxed with 5% potassium 
hydroxide solution (100 c. c.) for about 9 hours in the case of acetic acid bromination 
products and for 12 hours for liquid bromine products. The reaction mixture was then 
further diluted and the basic portion extracted with ether. The base was identified 
by mixed melting point with authentic specimens in the case of compounds marked 
with an asterisk (*), through their acetyl derivatives in the cases marked with a 
dagger (¥) and through: the hydrochlorides in the cases marked with (;). In other 
cases the constitution was arrived at by comparison of melting points with those of 
substances whose constitutions are based on rules of substitution The acidic 
component was obtained by passing carbon dioxide through the alkaline solution, 
and it was identified as 3-bromo-5-nitrosalicylic acid in all cases. 


KaARNATAK COLLEGE, DHARWAR 

AND 
OrGanic CuemistRY DEPARTMENT, Received October 26, 1951. 
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STUDIES IN VAT DYES. PART IV. THE DI-IMINES FROM 
2:7-DIBROMOPHENANTHRENEQUINONE AND 
THEIR DYEING PROPERTIES 


By R. D. Desar anp R. H. KUNDEL 


2: 7-Dibromophenanthrenequinone has been condensed with l-amino-, l-amino-2-methyl-, 2-amino-. 
and 1: 5-diamino-anthraquinones by Ullmann’s method. Using the same method 2: 7-diaminophe- 
nanthrenequinone has been condensed with 1-chloro-4-acetylaminoanthraquinone and 13-bromo 
benzanthrone. The resulting imine dyestuffs have been examined for their dyeing properties. They 


all have good lightfastness, but moderate bleaching fastness. 


Badische Aniline and Soda Fabrik Company claimed the formation of a di-imine 
type of vat dye by condensing 2: 7-dibromophenanthrenequinone with 1l-amino- 
anthraquinone (D. R. P. 222206). As nothing was known in the literature concerning 
these di-imine type of vat dyes from phenanthraquinone, we took up the systematic 
study of the condensation of 2: 7-dibromophenanthrenequinone with 1-amino-, 
l-amino-2-methyl-, 2-amino-, and 1: 5-diamino-anthraquinones by Ullmann’s 
method. We have also condensed 2 : 7-diaminophenanthrenequinone with 1-chloro- 
4-acetylaminoanthraquinone and 13-bromobenzanthrone by the same method. 


All these phenanthrenequinonyl-anthraquinonyl di-imines are dark coloured 
compounds having very high melting points (not below 340°) and are insoluble in 
the usual organic solvents. They can, however, be crystallised from nitrobenzene. 
They dye cotton from alkaline hydrosulphite vats in various shades having good 
fastness to light and soaping, but moderate fastness to bleaching. They give even 
and bright shades, and the baths are fairly exhausted in 40 minutes at 60°. 


ExPERIMENTAL 


2: 7-Dibromophencnthrenequinone was prepared by the diazotisation of 
2: 7-diaminophenanthrenequinone and replacement of the diazo groups by bromine 
according to the method described by Schmidt and Junghaus ( Zer., 1904, 37,3568 ) 
and crystallised from benzene in yellowish orange needles, m. p. 323. 

2: 7-Di-todophenanthrencquinone, which is not described in literature, was 
prepared as follows:—A solution of 2: 7-diaminophenanthrenequinone (2 g.) in 
aqueous hydrochloric acid (6 ¢.c. in 20 cc. water) was cooled to 0’ and sodium 
nitrite (1.2 g.), dissolved in water (10 c.c.), was gradually added with stirring, when a 
clear solution resulted within half an hour. A solution of potassium iodide (4.5 g.), 
dissolved in water (45 c.c.), was slowly added with mechanical stirring within one 
hour, and the mixture was gently warmed on the water-bath for 2 hours. There 
was a brisk evolution of nitrogen and the di-iodo derivative began to separate out. 
The mixture was cooled, and sufficient sodium sulphite solution was added to 
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remove the free iodine liberated during the reaction. The solid was filtered off, 
and crystallised from chlorobenzene in bright, orange needles, m. p. 310°, yield 1.7g. 
(Found : I, 55.4.C,,H,Ovls requires I, 55.2 per cent) It is very sparingly soluble in 
alcohol, but moderately soluble in glacial acetic acid ; it dissolved in concentrated 
sulphuric acid with deep brown colour. 


2: 7-Dt-todophenanthrenephenaxine.—A mixture of 2 : 7-di-iodophenanthrene- 
quinone (05 g.), o-phenylenediamine (0.15 g.) and glacial acetic acid (20 c.c.) 
was heated to boiling on a sand-bath for 3 hours. The solid separating on cooling 
was crystallised from nitrobenzene in pale yellow, tiny needles which did not melt 
up to 335°, yield 0.6 g. (Found: N, 5.1. CogH,oNole requires N, 5.2 per cent). 
It dissolves in concentrated sulphuric acid with reddish orange colour. 

Condensation of : 2:7-Dibrmophenanthrenequinone with  1-Amtnoanthra- 
quinone and Formation of Di- (l'-anthraquinonyl}-2 : 7-diaminophenanthrene- 
guinxone.—A mixture of 2 : 7-dibromophenthrenequinone (2 g.), 1-aminoanthraquinone 
(3 g.), nitrobenzene (60 cc.), cuprous chloride (0.5 ¢.) and anhydrous sodium 
acetate (4 g.) was refluxed ona sand-bath for 10 hours. After removal of the 
nitrobenzene in steam, the residue was treated with warm, dilute hydrochloric acid, 
and finally crystallised from nitrobenzene as small, dark brown needles, m.p. above 
340°, yield 75%. (Found : N, 4.5. Cg2HoeO,Ne requires N, 4.3 per cent). The dyestuff 
dissolved in concentrated sulphuric acid witha green colour which became brown 
on the addition of boric acid. It dyed cotton in pale violet shade from an alkaline 
hydrosulphite vat which was deep, reddish brown in colour; 3% gave a full violet 
shade and the bath was fairly exhausted in 40 minutes at 60. Its light-fastness was 7, 
while the bleaching fastness was 2-3. 


Condensation of 2: 7-Dibromophenanthrencquinone with 1-Amino-2-methylan- 
thraquinone and Formation of Di-(2'-methyl-1'-anthraquinonyl)-2 : 7-diaminophenan- 
threnequinone.—This was obtained by heating a mixture of 2: 7-dibromophenan- 
threnequinone (2 g.), 1-amino-2-methylanthraquinone (3 g.), cuprous chloride (0.5 g), 
anhydrous sodium acetate (4g.) and nitrobenzene (60 cc.) for 10 hours. It 
crystallised from nitrobenzene in dark brown, small plates, m.p. above 340°, yield 70%. 
(Found: N, 44. C4s4HegOgNeo requiries N, 4.1 per cent). It dissolved in 
concentrated sulphuric acid with yellowish brown colour which became reddish 
brown on the addition of boric acid. Its deep brown alkaline hydrosulphite vat 
gave brown shade on cotton; 3% gave a full shade and the bath was exhausted 
fairly in 40 minutes at 60. The light fastness was 5-6, while the bleaching fastness 
was 2. 


Condensation of 2: 7-Dibromophenanthrenequinone with 2- Aminoanthraquinone 
and Formation of Dt4{2'-anthraqutnonyl)-2 : 7-diaminophenanthrenequinone.—This 
was prepared from of 2 : 7-dibromophenanthrenequinone (2 g.), 2-aminoanthraquinone 
(3 g.), in the manner as described above. The product crystallised from nitrobenzene 
in brown, small plates, m.p. above 340°, yield 70%. (Found: N, 4.1. C4asHooOgNoe 
requires N, 43 per cent). It dissolved in concentrated sulphuric acid with reddish 
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brown colour which became deep brown on the addition of boric acid. Its deep 
brown hydrosulphite vat dyed cotton in pale brown shade ; 3% gave a full brown 
shade and the bath was fairly exhausted in 40 minutes at 60. The light fastness of 
the dyed cotton was 5, while the bleaching fastness was 2. 


Condensation of 2: 7-Dibromophenanthrenequinone with 1: 5- Diamino- 
anthraguinone and Formation of Dt-(5'-amino-l'-anthraquinonyl)- 2 : 7-dsamino- 
phenanthrenequinone.—It was prepared by heating a mixture of 2: 7-dibromophenan- 
threnequinone (2 g.) and 1: 5-diaminoanthraquinone (3 g.), in a-simillar manner as 


above. It crystallised from nitrobenzene in dark brown small needles, m.p. above 340, 


yield 65%. (Found : N, 84. C4,H24O¢Ny requires N, 82 per cent). It dissolved in 
concentrated sulphuric acid with a bluish green colour which remained unchanged 
on the addition of boric acid. It gave a deep reddish brown hydrosulphite vat which 
dyed cotton in violet shade; 3% gave a full shade of bright violet, and the bath 
was completely exhausted in 40 minutes at 60°. Its light fastness was 6-7, while 
the bleaching fastness was 2-3. 


Condensation of 2: 7-Diaminophenathrenequinone with 1-Chloro-4-acetylamtno- 
anthraguinone and Formation of Di-(4-acetylam:no-\'-anthraquinonyl)-2 : 7-diamino- 
~phenanthrenequinone.—This was prepared by heating a mixture of 2: 7-diamino- 
phenanthrenequinone (2 g.) and 1-chloro-4-acetylaminoanthraquinone (5 g.), in a 
manner described above. The product crystallised in dark brown, small plates, 
m.p. above 340°, yield 70% (Found : N, 7.6. CygH2sOsNy requires N, 7.3 per cent). 


It dissolved in concentrated sulphuric acid with a brown colour which did not 
change on the addition of boric acid. Its reddish brown hydrosulphite vat dyed 
cotton in brown shade ; 3% gave a full shade, and the bath was well exhausted at 
60° in 40 minutes. The light fastness was 5-6, while the bleaching fastness was 2-3. 


Condensation of 2: 7-Diaminophenanthrenequinone with 13- Bromobenzanthrone 
and Formation of Di-(13'-benzanthronyl)-2 : 7-diaminophenanthrenequinone.—13- 
Bromobenzanthrone, prepared by the method described in D. R. P. 193959, was 
crystallised from acetic acid in yellow needles, m.p. 170°. The condensation was 
brought about by heating a mixture of 2: 7-diaminophenanthrenequinone (2 g.), 
13-bromobenzanthrone (5 g.), in a similar manner as the previous compounds. The 
product crystallised from nitrobenzene in dark brown needles, m.p. above 3140’, 
yield 65%. (Found : N, 42 CysHo,O4Ne requires N, 40 per cent). It is soluble in 
concentrated sulphuric acid giving reddish brown colour which turns deep red on the 
addition of boric acid. The hydrosulphite vat was reddish brown and dyed cotton 
in brown shade; 3% gave a full shade and the bath was well exhausted in 40 
minutes at 60°. The light fastness was 5, while the bleaching fastness was 2. 


The authors are thankful to Mr. T. S. Gore, B Sc. (Tech) for the micro-analysis. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN MERCURIC 
CHLORIDE AND POTASSIUM CHLORIDE. PART I. 
DENSITY AND VISCOSITY 


M. R. Nayar, L. N. SRIVASTAVA AND K. V. NAYAR 


The merhod of “monovariation” for the systematic investigation of complex compounds in 
solution has been explained. 

Applying this method, a study has been made on the system KCI—HgCl.—H,O. Two series 
of mixtures of solutions of potassium chloride and mercuric chloride were prepared, in one of which 
the concentration of KCl was kept constant and that of HgCl. varied systematically, while in the 
other the concentration of HgCl., was kept constant and that of KCl varied. The density and viscosity 
of each of these solutions were determined and the values obtained plotted against the concentration of 
the variant. While the “density-concentration’’ curves give straight lines in each case. the graph for 
viscosity-concentration” gives curves having six kinksin each. Each kink in the curve corresponds to 
a complex formed obeying stoichiometric relations, the formula of which can be directly read from the 
graph. There is anexact agreement between the two sets of curves. Thus, six complexes have been 
definitely shown to be produced between mercuric chloride and potassium chloride in solution, having 
the formulae: (1) KCi.HgCl,, (2) 2KCI.HgCl.,, (3) KCL2HgCl., (4) 2KCL3HgCl,, (5) 3KCL2HgCl, 
and (6) 4KCI.HgCl,. 


Davy (P&il. Trans., 1822, 112, 359) appears to have been the first to note that 
the solubility of mercuric chloride in water increased considerably in presence of 
dissolved potassium chloride. He attributed this to the formation of a compound 
in solution and also succeeded in isolating that compound in a crystalline form. 


Leblanc and Noyes, from measurements of electrical conductivities of mixed 
solutions, found evidences for the formation of complexes (Z. anorg. Chem , 1890, 
6, 389). Schonrock obtained similar results from a study of the rotation of the 
electromagnetic plane of polarisation and found marked deviations from the mixture 
rule in the results with mixed solutions of the component salts (zdzd., 1893, 11, 753). 

Foote (Amer.-Chem. /., 1906, 35, 236) repeating earlier work in the field con- 
cluded that the compounds: KCI2HgCly2H2O ; KCl.HgCle.2H2O; and 2KCL.- 
HgClo.H,O were formed in solution. These compounds, however, had already 
been reported by Bonsdorff (Ann. chim., phys. 1829, 22, 17, 115). 

Tichomiroff from solubility measurements came to the conclusion that the 
compounds : KCl. HgCle, KCl.2HgCl, and 2KCI.HgCle were formed according to the 
concentration changes of mercuric chloride in a solution of potassium chloride 
(J. Russ. Phys. Chem. Soc., 1907, 39, 731). 

Benrath (Z. anorg. Chem., 1908, 58, 258) measured the lowering of freezing point 
and elevation of boiling point of mixed solutions of KCl and HgCle, and concluded 
that a complex, KyHgClg, was formed in solution. 

Herz and Paul (sé7¢., 1913, 82, 431) determined the amounts of mercuric 
chloride that dissolved in varying concentrations of potassium chloride in solution. 
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Tournoeux’s investigations on the ternary system: KCl-HgCle-H,O (Ann. 


chim., 1919, 7x, 11, 225) indicate the formation of the following compounds : 


1. HgClo. 2KCl. H2O; 2. HgCle. KCl. 3/4 H20; 3. 3HgCle. 2KCI. 5/3H2O : 


4. 2HgCl,. 3KCI. 3/5H,O and 5. 2HgCl.. KCl. H.O. 
He was, however, not sure whether 


(a) 3HgCle. 2KCI. 5/3 H2O is not a solid solution of (2HgClo. KCl. HoO), 
and (HgCl»g. 2KCI. H2O) ; 

(4) HgClo. KCl. 3/4 H2O is nota solid solution of (2HgClo. KCl. H2O) 
and (HgCle. 2KCl. H2O) ; and 

(c) 2HgCly. 3KCI. 3/5 H2O is not a solid solution of (2HgClo. KCl H2O) 
and (HgClo. 2KCI. H2O),. 


Bourion and Ronyer ( Compt. rend., 1927, 184, 1449 ; 7. chim. phys, 1928, 25, 234) 
from ebullioscopic measurements concluded that alkali chlorides in presence of 
mercuric chloride in aqueous solutions formed a mixture of compounds of the type: 
M(HgCls;) and Me(HgCl,). 

Royer (Com/f/. rend., 1934, 198, 1868) observed that potassium halides changed 
their crystalline form in presence of mercuric halides from cubic to cuboctahedra. 


By measuring the surface tension of a number of mixed solutions of potassium 
chloride and mercuric chloride, Arcay and Marcot (4zd., 1939, 209, 881) obtained 
evidence for the formation of three complexes in solution, namely KCI.HgCl,, 
KCI. 2HgCl, and 2KCI.HgClo. 

Garret measured the solubility of mercuric chloride in aqueous solutions of 
various chlorides and indicated that the chief ion formed between KCl and HgCle 
was the (HgCl;)’ ion (7 Amer. Chem. Soc., 1939, 61, 2744). Thomas (cérd., 1939, 
61, 920) also studied the solubility of -mercuric chloride in solutions of various 
chlorides and his results suggested that the (HgC!ly. Cl)’ complex was similar in all 
the cases studied. 

Nayar and Saraf (this Jowrn7/, 1943, 20, 312) found evidences for the formation 
of the ion: (HgCls)’ in solution besides that for the (HgCl})” ion from a study 
of the Raman spectra of mixtures of mercuric chloride and potassium chloride 
solutions. 

Dey (Curr. Sczt., 1945, 15, 24) reported the existence of the complex K4(HgCl,) 
in solution, from conductivity data, which, however, have not been published. 


Thus, a survey of the literature shows that even though several workers have 
studied the various properties-of mixed solutions of mercuric chloride and potassium 
chloride, not more than one or two properties have been studied by any one 
worker, and that no systematic attempt has yet been made in order to find out 
the number and nature of all the possible complexes between the two salts. The 
present position seems to be that out of the various compounds reported, three, 
namely, KCl.2HgCle, KCl.HgCle and 2KCl.HgCle have been fairly well established. 
According to Sidgwick (“Chemical Elements and Their Compounds”, Vol. I, p. 332) 
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“a covalency of more than four, always rare with mercury, never seems to be 
reached in the halides.’ The existence of the rest, however, reported by different 
authors, lacks precision regarding the number and nature of the complexes. 


We have planned to examine a variety of physico-chemical properties of the 
system KCI-HgClo-H.2O, these properties being density, viscosity, surface tension, 
specific conductance, refractive index, magnetic susceptibility, hydrogen-ion concen- 
tration, lowering of freezing point and transport number. Some of these have 
already yielded unequivocal results leading to identical conclusions. 


EXPERIMENTAL 


The method of procedure adopted for this investigation was that of Nayar 
and Pande (Proc. Ind. Acad. Sct., 1948, 27A, 284). This method of ‘monovariation’ 
needs a little comment and must be contrasted with the usual physico-chemical 
methods of investigations of mixed solutions. When solutions of two reactants, 
Aand B, are mixed for purposes of systematic study, ordinarily, the concentration 
of Ain the series of solutions zzcreases, while that of B decreases. Any physico- 
chemical observation made then will be the resultant of this dual variation, taking 
place in opposite directions. Theoretical methods for interpretation of such results 
have been worked out by Job and others ( Compt. rend., 1925, 180, 928). 


In the method of ‘monovariation’, on the other hand, a series of mixed solutions 
are carefully prepared, in which, all the variables are kept constant except one, namely, 
the concentration of one of the constituents. Any change in the values of the 
observed property must be then attributed to the change undergone by this variant, 
and the results are hence more easily interpreted. A striking example can be 
had by comparing the data obtained on the same system by these two methods 
(cf. Proc. Ind. Acad. Sct., 1950, 31A, 160; 1948, 27A, 284). Reference to the com- 
parative merits of these two methods will be made in Part III of this series. 


The substances used (KCl and HgCl.) were A. R. quality (B.D.H.) which 
were further purified by repeated crystallisations from conductivity water till 
on analysis, they were found to be 99.98% pure. Stock solutions were prepared 
(0.25.12) by dissolving the calculated amounts of the salts in conductivity water. A 
100 c.c. flask was taken and 24 c.c. of potassium chloride solution were run into 
it using a pipette calibrared to deliver that volume. The requisite volume of 
mercuric chloride was then added to the flask and made up to 100 c.c. with 
conductivity water. In this way, 34 solutions were made in all of which the 
concentration of potassium chloride was kept constant (0.061347) and that of 
mercuric chloride varied systematically from 0 to 0.1251/ These solutions were 
stored in steamed reagent bottles and were kept in the dark to prevent any possible 
photo-decomposition. All operations such as making up solutions, were carried 
out at 35° in a thermostat. The compositions of these solutions are shown in Table I. 


S 
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TABLE I 


Soln. M/4-HgCl, added to Soln. M/4-HgCl. added to Soln. M/4-HgCl. added to 
No. 24 c.c. of M/4-KCI soln. No. 24 c.c. of M/4-KCl soln. No. 24 c.c. of M/4-KCI1 soln, 
1 2 ce 12 15 c.c. 23 32 c.c. 

2 4 13 16 24 24 

3 5 14 17 25 35 

+t 6 15 18 26 36 

5 7 16 20 27 37 

6 3 17 22 28 38 

7 10 18 23 29 42 

8 11 19 24 30 46 

S) 12 20 25 31 47 
10 13 21 26 32 48 
11 14 22 28 33 49 

34 50 


Density and Viscostty—The densities of the solutions were determined using 


a pyknometer at 35°. 

The applicability of viscosity for detection of complexes in solution is well 
established, especially for diagnostic purposes. But it does not seem to have been 
applied to the system KCl-HgCl.-H,2O. 

The viscosities were determined using an Ostwald viscometer. Tenc.c. of the 
solution were used for each measurement. The viscometer gave sufficiently accurate 
results with potassium chloride solution alone; but when mercuric chloride also 
was present, the results tended to be highly erratic. Consistent results could not 
be obtained in successive determinations. This was found to be due to the capillary 
of the apparatus getting contaminated, probably because of the decomposition of 
mercuric chloride. The difficulty could be overcome only by exercising very great 
care, by cleaning the viscometer with 1:1 nitric acid, then with distilled water 
and drying before each measurement. .The viscosities were then calculated with 
reference tothat of water takenas unity. The results are recorded in Table II. 
The results for density and viscosity are graphically represented in Fig, 1. 


TABLE II 
Soln. No. Density. Viscosity. Soln. No. Density. Viscosity. 
1 1.00400 1 0080 7 1,00830 1.0115 
2 1.00501 1.0084 8 1.00884 1.0130 
3 1.00555 1,0087 9 . 1.00933 1.0106 
4 1.00605 1.0082 10 1,00594 1.0117 
5 1.00670 1.0085 ll 1,01034 1.0130 
6 1.00716 1.0091 12 1.01100 1.0123 
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Fig. 1 shows two curves, one of which isa straight line obtained by plotting 
The second one is obtained by plotting the 


Density. 


1.01173 
1,01228 
1.01263 
1.01380 
1.01500 
1.01551 
1.01610 
1.01666 
1.01752 
101820 
1.02102 


TABLE II (conid.) 


Viscosity. 


1,0107 
1.0125 
1.0135 
1.0146 
1.0158 
1.0170 
1.0168 
1.0173 
1.0175 
1.0181 
1,0193 


density against concentration of HgCle. 





Soln. No, 


24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 











Density. 


1.02158 
1.02216 
1.02328 
1.02342 
1.02389 
1.02587 
1.02799 
1.02878 
1.02939 
1.02990 
1.03039 
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Viscosity. 
1.0200 
1.0202 
1.0192 
1.0194 
1.0198 
1.212 
1.0225 
1.0229 
1.0225 
1.0230 
1.0235 
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relative viscosities against the concentration of HgClo. 


It is seen that there are six 


kinks in it, corresponding to 6 c.c., 12.c.c., 16 c.c., 24 cc, 36 c.c. and 48 c.c, of mercuric 


chloride solution. 


Since 24 c.c. of potassium chloride solution are’ present in every 
solution, it is evident that stoichiometric relations are maintained and that the mole- 
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4 


cular ratios between KCI and HgCle at these points correspond to the formation o! 
the compounds of molecular formulae: 4KCIl.HgCle, 2KCLHgCly, 3KCIL2ZHgCly, 
KCl. HgCle, 2KCl. 3HgCly and KCl. 2HgCly respectively. 

Asa further means of verification of the above results, an alternative set of 
solutions was prepared, in which the concentration of mercuric chloride was kept 
constant at 0.048.114 while that of potassium chloride varied systematically from 
0 to 0.20 14. The compositions of these solutions-are given in Table III. 


TABLE III 


Soln. M/2.5-KC1 soln. added to Soln. M/2.5-KCl soln. addedto Soln. /2.5-KCl soln. added t 
No. 24 c.c. of W/5-HgCl, soln. No.. 24c.c.of M/5-HgCl. soln. No. 24 c.c. of M/5-Hg -1, sol: 


1 0.0 c.c. 14 11.0 c.c. 27 23.5 c.c. 
2 1.0 15 11.5 28 240 
3 3.0 - 16 12.0 29 24.5 
4 5.0 17 12.5 30 26.0 
5 55 18 14.0 31 32.0 
6 6.0 19 15.0 32 37.0 
7 6.25 20 17.0 33 , 44.0 
8 6.5 21 17.5 34 46.0 
9 7.0 22 18.0 35 . 47.0 
10 e? 23 18.5 36 47.5 
11 8.0 24 20.0 37 48.0 
12 8.5 25 22.0 38 48.5 
13 10.0 26 23.0 39 49.0 
40 50.0 


The densities and viscosities of solutions were determined using the same 
precautions as before, and the results are recorded in Table IV. All determinations 
in this case were done at 33°. The results are represented graphically in Fig. 2. 


TABLE IV 
Soln. No. Density. Viscosity. Soln. No. Density. Viscosity. 
1 1.01331 1.01430 14 1,01588 1.01550 
2 1.01350 1.01440 15 1.01600 1.01543 
3 101400 1.01462 16 1.01613 1.01505 
4 1.01444 1.01478 17 1.01623 101516 
5 1.01453 1.01478 18 1.01657 1,01549 
6 1.01466 1.01413 19 1.01680 1.01559 
7 101475 1.01442 20 1.01722 1.01584 
8 1.01480 1.01475 21 1.01734 1.01588 
SS) 1.01490 1.01510 22 1.01745 1.01570 
10 1.01505 1.01520 23 1.01755 1.01560 
ll 1.01519 1.01507 24 1.01790 1.01636 
12 1.01530 1.01514 25 1.01840 1.01663 
13 1.01560 1.01540 26 1.01864 1.01673 
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TABLE IV (con?d.) 


of 
9 Soln. No. Density. Viscosity. Soln. No. Density. Viscosity. 
27 1.01873 1.01679 34 1.02388 1.01931 
28 1.01888 1.01649 35 1.02408 1.01935 
a 29 1.01895 101668 36 1.02419 1.01915 
- 30 1.01928 101696 37 1.02433 1.91866 
n 31 1.02071 1.01784 38 1.02440 1.0:901 
2 1.02178 101830 39 1.02452 1.01932 
33 1.02340 1.01915 40 1.02476 1.01958 


It is seen in Fig. 2 also that while the relation between density and concentration 
is a linear one, the curve for “viscosity-concentration” shows six kinks at 
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concentrations of 6 c.c., 8 c.c., 12 cc., 18 c.c.,24¢c and 48 cc. of potassium chloride 
solution. They correspond, as before, to the compounds : KCl. 2HgCl», 2KCI. 3HgCle, 
KCl. HgCle, 3KCI. 2HgCl,, 2KCl. HgCle and 4 KCI. HgCle respectively, that is, in the 
reverse order in which they appear in Fig. 1. A point of interest is that the kink 
corresponding to the compound KCl. HgCle is not very prominent in Fig. 1., while it 
is one of the most noticeable points in Fig. 2. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN MERCURIC 
CHLORIDE AND POTASSIUM CHLORIDE. PART II. 
REFRACTIVE INDEX 


By M. R. NAYAR AND K. V. Nayar 


Results of the measurements of refractive index of a series of mixed solutions of KCl and HgCl, 
are recorded and they confirm the conclusions arrived at by viscosity measurements. 


Evidence for the formation of six complex compounds between mercuric 
chloride and potassium chloride in solution obtained from viscosity measurements 
on the system KCI-HgClo-H,O have been presented in Part I of this series. 
In this paper the results of measurements of refractive index of a series of mixed 
solutions of KCl and HgCle are recorded. 


Optical properties including refractive index have been used as means for 
investigating molecular association in liquids and mixed solutions by pfevious workers 
(Gladstone and Perkin, 7. Chem. Soc., 1889, 55, 114). But these properties do not 
seem to have been made use of in the investigation of complex compounds between 
KCl andjHgClo. 


ExPERIMENTAL 


The solutions used were prepared by the method of monovariation as described 
in Part I. The refractive index of each solution was measured using a critical 
angle refractometer (Bellingham and Stanley Ltd.). The microvernier of the instru- 
ment could read angles up to one sixth of a second. Sodium flame was used as 
the source of light for all the measurements. The accuracy of the instrument was 
tested by measuring the refracive index of water. The temperature of the solution 
under measurement was controlled by allowing water to flow through the jacket of 
the apparatus from a thermostat the temperature of which was so adjusted 
that the water circulating in the refractometer was at 25. The mean of three 
readings was taken for calculating the refractive index of each solution. The 
results are shown in Table I. 


On plotting these values against the concentration of HgCle (the variant), the 
curve shown in Fig. 1 is obtained. It is seen that there are six distinct minima in 
the curve corresponding to 6c.c. 12c¢.c, l6c.c, 24c.c, 36c.c. and 48 cc. 
of mercuric chloride solution, and (as in the case of the curve for viscosity : con- 
centration) these correspond to the formation of the compounds: 4KCIl. HgClo, 
2KCl. HgCle, 3KCl. 2HgCly, KCl. HgCle, 2AKCl. 3HgCle and KCI. - HgCle respectively. 
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©. wgct, (w/a) added to 24cc Kel (wa) 
TABLE I 
Soln. No. M/4-HgCl, soln. Refractive index. Soln. No. J!/i-HgCl, soln. Refractive index. 


added to 24 c.c, added to 24 c.c. 
M/4-KCl. M/4-KCI1. 
1 2 c.c. 1.333719 18 23 c.c. 1.335182 
2 4 1.333832 19 24 1. 35182 
3 5 1.333860 20 25 1.335224 
4 6 1.334862 21 26 1.335322 
5 7 1.334077 22 28 1335414 
6 8 1.334147 23 32 1.335650 
7 10 1.334218 24 34 1.335750 
8 11 1.3 4226 25 35 1.335792 
9 12 1.334296 26 36 1.335792 
10 13 1 334447 7 37 1.335888 
1l 14 1.334523 28 38 1.335975 
12 15 1.334595 29 42 1.336344 
13 16 1.334595 30 46 1.336444 
14 17 1.334749 31 47 1.336534 
15 18 1.334820 32 48 1.336534 
16 20 1334911 33 49 1.336665 
17 2 1.335088 34 50 1.336726 


This result is exactly analogous to that obtained from viscosity measurements. 


CuemistrRY DrpaRTMENT, 
Lucknow UNIversiry, 


Lucknow. Received October 3, 1951. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN MERCURIC 
CHLORIDE AND POTASSIUM CHLORIDE. 
PART III. SURFACE TENSION 


By M. R. Nayar AND K. VY. NAyar 


A comparative criticism of the method of continued variation and that of monovariation has 
been made by reproducing results obtained on the same system by both the methods. The merits of the 
latter method have been established. 

Measurements of surface tension on a series of mixed solutions of KCl and HgCl, have been 
carried out. The results are in excellent agreement with those obtained by viscosity and refractive 
index measurements on the same system, and indicate the formation of six complexes in solution 
between KCl and HgCl., namely, (1) 4KCI.HgCl,, (2) 2KCLHgCl,, (3) 3KCL2HgC!,, (4) KCLHgCl,, 


(5) 2KCL3HgCl, and (6) KCL2HgCls. 


The application of surface tension measurements to the study of molecular 
association and hydration in binary liquid systems, in mixed solutions, as well as in 
single solutions has attracted considerable attention from several workers (Ramsay 
and Aston, Proc. Roy. Soc., 1894, 56, A, 182; Z. phystkal. Chem., 1894,15 89; 
Frank, zb¢d., 1924,!114, 157 ; Padoa and Tabellini, A“. R. Acad. Linicer, 1914, v, 23, 88 : 
Srebnitsky, 7. Russ. Phys. Chem. Soc., 1912, 44, 342). This property, however, 
seems to have been applied to ‘the system KCl-HgCl.-H2O by Arcoy and Marcot 
(Compt. rend., 1939, 209, 881). 

These authors have measured the surface tension of a series of mixtures of 
KCl and HgCl, in aqueous solution, in which the number of KCl molecules in 100 
molecules of the dissolved mixture varied from Oto 100. Thus, from solution to 
solution the concentration of KCl as well as that of HgClg was made to vary in 
opposite directions. The values of surface tension obtained by them on being plotted 
against the concentration of any one variant, give a curve which shows marked 
deviations from the additivity law. Three very prominent minima are present, 
corresponding to the formation of the compounds: KCI.2HgCle, KCl.HgCl, and 
2KCLHgCly respectively, but on the whole the curve is very irregular. One could 
easily suspect minor breaks in between the major ones. These authors emphasise 
that consistent results could be obtained only by following a special technique of 
mixing solutions. To quote their own words :—Les solutions doivent étre mélangées 
goutte « goutte de telle facon qu’elles soient toujours dans les mémes proportions 
que dans le mélange final. On ajourtera ainsi une goutte de chlorure mercurique 
duex gouttes de chlorure alcalin larsquon réalise un mélange contenant 33% du 
premier et 66% du second, on agitant vivement au moyen d'une baguette de verre 


parfaitement propre. Cette homogénéisation doit étre faite immédiatement et 


rapidement, sinon l’on s’expose a trouver dans la couche superficielle des proportions 
variables d'une expérience a l'autre des complexes dont la formation est possible”. 
It is difficult to understand why on mixing the solutions in the ordinary way the 
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surface layers should contain a mixture of all the possible complexes between the 
two salts, especially when the compounds concerned cannot be expected to be too 
stable. Ever since the recognition of the relation between the surface tension of a 
liquid and its molecular structure (parachor is essentially an additive property) 
chemists have felt that surface tension can at least be used for diagnostic purposes 
in the search for complex compounds. It cannot depend on any special technique 
of mixing solutions but only on the ultimate composition, the only care necessary 
being to keep the surface free from contaminations during measurements of 
surface tension. 


We venture to point out here that all this search for imaginary causes of error 
and subsequent explanation could have been avoided if the solutions had been 
prepared by the method of monovariation. Since the above authors used solutions 
in which the concentrations of both the constituents varied in opposite directions, 
the change in the values of surface tension was due to the dual variation of the 
concentrations of the dissolved salts and their interaction. In this method of 
continued variation, any small and ordinarily negligible error in any operation, 
previous to the actual measurement of the property under study, is likely to be 
magnified and will not be even constant for all the solutions. Consequently, the 
final curve obtained would not be a true index of all the possible complexes that can 
be formed between the two salts in solution. 


A more striking contrast between the two methods, that of dual or continued 
variation and of monovariation, can be had by reproducing side by side the graphs 
obtained by different authors working on the same system : Pb(NO3)2-KNO3-H.2O. 
Nayar and Pande (Proc. Ind. Acad. Sct. 1948, 27A, 284) following the method of 
monovariation obtained the curve in Fig. 1, while Narasimhamurti'’s curves for 
continued variation are reproduced in Fig. 2 (zécd., 1950,31A, 160). The three 
properties, Faraday rotation, magneto-optic anomalay and dispersion do indicate 
abnormalities near the equivalence points, but these points cannot be accurately 
determined. Each curve is so irregular that one cannot judge with certainty either 
the number or the composition of the complexes. 


This discussion indicates that the method of monovariation is eminently suited 
for the study of complexes in solution. 


EXPERIMENTAL 


The solutions used were the same as described in Part I. The surface tension 
of each solution was determined by the drop weight method using a stalagmometer 
and athermostat maintained at 30. As mentioned under viscosity measurements 
(Part I), contamination of the capillary by mercuric chloride affected the values of 
successive solutions, which defect could be overcome by thorough cleansing of the 
stalagmometer and polishing of the dropping surface before each measutement. 
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The results given in Table I are the mean of three nearly concurrent readings. Fig. 3 
is the graphical representation of the same results. 


The curve in Fig. 3 shows six kinks corresponding to 6,12,16,24, 36 and 48 cc. 
of mercuric chloride and these correspond to the formation of the complexes of 
formulae: 4KCLHgClo, 2KCI HgClo, 3KC12HgCls, KCLHgCle, 2KCI 3HgCl. 
and KCI.2HgClg respectively. 
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A friendly critic pointed out that “the minima and the maxima observed are 
more or less within the limits of the error of the experiment”. While we do not 
admit the validity of the criticism, we try to meet it by resorting to the well known 
device, that is, by plotting the differential variation of the property per c.c, Fig.4. 
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TABLE I 
Surface Soln. 
tension No. 

(dynes/cm.). 
71.07 18 
71.35 19 
71.60 20 
71.43 21 
71.50 22 
71.55 23 
71.80 24 
71.84 25 
71.53 26 
71.78 27 
72.40 28 
72.45 29 
72.34 30 
72.55 31 
72.60 32 
72.70 33 
72.80 34 
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shows the plot obtained by the above method. Here the periodicity of the curve in 
Fig. 3 is brought out more prominently, 


dated. tan 

of M/4- KCI soln. (dynes/cm.). 
Bc. ¢ 72.79 
24 72.78 
25 72.90 
26 72.94 
28 73.00 
32 73.10 
34 73.11 
35 73.16 
36 73.05 
37 73.07 
38 73.12 
42 73.35 
46 73.60 
47 73.70 
48 73.69 
49 73.75 
50 73.78 


Received Octoher 3, 1951. 
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5: 6-BENZOQUINALDINIC ACID AS AN ANALYTICAL REAGENT. 
PART I. ESTIMATION OF COPPER 


By ANIL KUMAR MAJUMDAR AND AJIT KUMAR MALLICK 


The reagent 5 : 6 benzoquinaldinic acid has been used for the estimation of copper and its separation 
from magnesium, calcium, strontium, barium, phosphate, arsenate, arsenite, citrate, tartrate, etc. 
The pu range over which copper is completely precipitated has been found to be from 0.82 to 
9.40. The copper salt may be dried either at 110° as Cu(C,,H.NO,).15H.O or at 180° as 
Cu(C,,H,NO,).. 


The reagent 5: 6-benzoquinaldinic acid was prepared by the oxidation of the 
benzoquinaldine (cf. Hammick, /. Chem. Soc., 1923, 123, 2882) which was obtained 
in good yield by a little modification of the method of Doebner and Miller (Zer., 
1884, 17,1171). The acid is freely soluble in alcohol and acetic acid, less soluble 
in hot water and sparingly so in cold water. 

With this reagent almost all of the metals are precipitated under different 
fu conditions (cf. Majumdar and Mallick, Sczence © Culture, 1949, 14, 477). 
Copper gives a light green crystalline precipitate ; cadmium, cobalt, nickel. magnesium, 
calcium, strontium, barium, zinc, manganese, silver, mercury, lead, etc. white 
precipitates ; zirconium and thorium give gelatinous precipitates. Copper salt is 
sparingly soluble in dilute mineral acids or acetic acid, but dissolves in strong 
acids, in large excess of ammonia and also in cyanide solution. All other metals 
are more or less soluble in dilute acids. Barium, calcium and strontium salts are 
soluble in hot water ; zinc, manganese, silver, mercury, cadmium, cobalt and nickel 
salts are soluble in cyanide) Ammonium acetate dissolves the mercuric and lead 
salts of the reagent. With ferrous salt, the reagent givesa red coloured compound 
which dissolves in a solution of alkali cyanide forming an intensely purple coloured 
solution.. The intensity of the coloured system, thus produced, varies with the 
concentration of the ferrous ion (cf. Majumdar and Sen, zzd., 1950, 16, 264). 

The copper salt dried at 110° is of composition Cu(C,;4HsNO¢e)o, 1.5H2O 
(cf. Seitz, Ber., 1889, 22, 261) which can be represented as 


. “N 
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/N | : 1.5H.O 
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From a pyrolysis curve of the copper salt ( Clement Duval of Sorbonne, /7/va/e 
communication ) it is found that the copper salt is stable up to 121° and thereafter it 
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begins to lose water and becomes anhydrous at 168°. This anhydrous salt has been 
found to be stable at a temperature between 168° and 250°. Further, Duval ( /oc. 
cit, ) states that the hydrated copper salt does not contain exactly 15 moles of 
water but a little less and that the water of hydration depends on the conditions 
of precipitation. We, on the other hand, have found under our conditions of 
precipitation that the copper salt dried at 110° contains 1.5 moles of water and it 
becomes anhydrous at about the temperature mentioned by Duval. 


Copper has been estimated by this reagent gravimetrically in the presence of 
acetic acid, mineral acids and also in the presence of alkali or ammonia. The /"' 
range over which copper is completely precipitated has been found tobe from 
0.82 to 9.40. 


The present paper deals with the x ranges over which copper is accurately 
estimated, the effect of temperature on the copper salt and its separation from 
magnesium, calcium, strontium, barium, arsenate, arsenite, phosphate, citrate, tartrate, 
etc. 


ExPERIMEWTAL 


Preparation of the Reagent 5: 6-Benzoguinaldinic Actd.—5 : 6-Benzoquinaldine 
was prepared from f-naphthylamine, paraldehyde and concentrated HCl according 
to the method of Doebner and Miller ( Joc. cz#. ). The hydrochloride of the base was 
crystallised from water using decolorising carbon and then neutralised with alkali 
to liberate the free base whose m. p. was found to be 81-82°; the picrate of the 
base melted at 221° with decomposition. The dry base was then converted into 5: 6- 
benzoquinaldinic acid following the method of Hammick ( Joc. cit.). The 
benzoquinaldinic acid was purified by conversion to the sodium salt which was 
crystallised from a concentrated solution. The sodium salt was then dissolved in 
water and treated with concentrated HCl or H2SQO, to liberate the free acid which, 
after filtration and washing with water, was recrystallised from glacial acetic acid. 
The m. p. of the acid was found to be 187. The details of this method of preparation 
will be given in a later publication. 


Reagents and Standard Solutions — Chemicals used were all of the reagent grade. 
Reagents were: (2) approximately twice normal solutions of sulphuric acid, nitric 
acid, ammonia and caustic soda; (iz) acetic acid (1:1) and (2) crystals of 
citric acid, sodium potassium tartrate, ammonium chloride, ammonium sulphate ; 
( zv ) sodium benzoquinaldinate solution containing 1g. of benzoquinaldinic acid per 
100 c. c. of the aqueous solution. 


Standard Solutions.—( 12). Copper nitrate solution was prepared from electrolytic 
copper ( pro-analyse ). The nitrous fumes were removed by evaporation over 
a water-bath. The residue was dissolved in water with a few drops of nitric acid 
and the solution made up to a definite volume, from an aliquot part of which the 
amount of copper per c.c. was determined electrolytically and also as quinaldinate 
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( Majumdar, Analys/, 1939, 64, 874; 1943, 68, 242. cf also Riy and Bose, Z. anal. 
Chem., 1933, 95, 400 ). 

(77). Copper sulphate solution was prepared from the copper nitrate solution 
by fuming with concentrated sulphuric acid, dissolving in water and standardising 
in the same way as mentioned above. 

(777). Solutions of magnesium, barium, strontium and calcium were prepared 
from their nitrates and the magnesium was determined as pyrophosphate, barium 
as sulphate, strontium as sulphate, and calcium, volumetrically after precipitation as 









oxalate. 

(2v). Solutions of phosphate and arsenate were prepared from their respective 
ammonium and sodium salts and the arsenite solution was obtained from arsenious 
oxide by neutralisation with alkali. The arsenic content of the arsenite and arsenate 
solutions was determined as sulphide and the phosphate, volumetrically as quinoline 
phosphomolybdate (Wilson, Azalys/, 1951, 76, 65). 


Preparation and Composition of the Copper Salt of 5: 6-Benzoquinaldinic Actd— 
Electrolytic copper (pro-analyse, Schering and Kahlbaum ) was dissolved in the 
least quantity of nitric acid ( pro-analyse ), neutralised with ammonia, acidified with 
2c. c. of 2N-H_SO, or with 2 c.c. of aceticacid (1:1 ) and diluted with water 
to about 300 c.c. The copper salt ot the reagent was precipitated from the hot 
solution with stirring by the dropwise addition of an excess of the sodium 
benzoquinaldinate solution (1 g. benzoquinaldinic acid per 100 c.c_ of the solution). 
The copper salt, thus obtained after digestion in the hot solution for a few minutes, 
was filtered, washed with hot water, then with a fewc.*c. of alcohol and again 
with hot water, and dried at 110’. 
















The composition of the copper salt was determined by slowly igniting a 
weighed quantity of the salt to copper oxide, converting this into sulphate and 
titrating iodometrically with thiosulphate, which was standardised in the same way 
against copper solution whose copper content was determined electrolytically. 








lc. c. of thiosulphate = 0.00664 g. of copper. 





Titre value. %, Copper. 


0.4408 g. 7.90 c.c. 11.9 
0.4489 8.0 11.83 





Weight of copper salt. 














Therefore, the formula of the copper compound dried at 110° may be suggested 
as Cu( C,4HgNOz )o, 15 HeO which requires 11.89% of copper. 

On drying in an air-oven the copper salt was found to lose water at about 130°, 
and it became completely anhydrous at about 170°. From the pyrolysis curve ( Duval, 
loc. ctt. ) given below in Fig. 1, it appears that the copper salt begins to lose water 
at 121° and the salt becomes anhydrous at 168°. From 168° _ to 250°, it is stable as an 
anhydrous salt which then decomposes with further rise of temperature till at 982° 
it is completely converted into copper oxide. 
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The copper salt does not dissolve in dilute mineral or acetic acid but decomposes 
when heated with strong mineral acids. It dissolves in strong ammonia solution 
but reappears on boiling even in the presence of ammonium salts. Cyanide solution 
also dissolves the copper compound. When heated with dilute alkali, the copper 


Fic. 1 











L : 


Temp. 





salt decomposes to oxide and on acidification the salt is reformed. Further, the salt 
has been found to be .insoluble in organic solvents such as benzene, carbon 
disulphide, chloroform, ethyl acetate, petroleum ether, ether, etc. 

Precipitation limit for Copper-—To a measured quantity of the dilute solution of 
copper of concentrations ranging from one part of copper in 100,000 parts and 
more of water, a few drops of the reagent solution ( Na salt ) were added and 
gently heated. Distinct precipitates were observed up to 1 part of copper in 100 
million parts of water. Solutions of higher dilution produced opalescence. 

Effect of Temperature on the Copper Salt of the Reagent.—The copper salt was 
prepared according to the method given above. A weighed amount was taken, 
dried at 108°-110° till constant weight was obtained and analysed by ignition to 
copper oxide. 

Another portion of weighed copper salt was dried first at 108°-110° and then 
at 178°-180° till constant weights were obtained. The loss in weight of copper 
salt thus obtained was noted. It was finally ignited to copper oxide and weighed. 


TABLE I 
Analysts of copper salt. 
Salt dried at 108°-110°. Salt dried at 178°-180’. 
Cu salt taken. We. of CuO after % Cu. Cu salt taken. We. of CuO after % Cu. 
slow ignition. slow ignition. 
1. 0,1914 g. 0.0284 g. 11.85 0.1884 g. 0.C296 g. 12,55 
2. 0.2082 0.0310 11.89 0.1618 0.0252 12.44 


Cu (C,,H.sNOg)¢, 1.5 H.O requires Cu, 11.89%. Cu (C,4HsNO,). requires Cu, 12.53%. 
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TABLE II 


Loss in weight of copper salt. 


At 108°-110°. At 178°-180° Loss in weight. 
1. 0.1710 g. 0.1624 g. 5.03% 
2. 0.1620 0.1536 5.18 


If the copper salt, Cu( Cy4HsNOze )e, 15 HeO, dried at 110° loses water 
completely and converted into Cu( C;4HgNOz )o at 180°, the loss in weight 
requires 5.05%. 


A few determinations of copper were then made according to the analytical 
procedure ( given below ) and the copper salt was dried first at 108°-110° and then 
at 178°-180°. the results of which are given in Table III. 


TABLE III 


Drying at 108°-110°. Drying at 178°-180°. 
Cu taken. Cu salt. Cu found. Composition. Cu salt. Cu found. Composition. Loss in 
weight. 
757mg. 63.8 mg. 7,585 mg. Cu(C,,.HgNO,)., 60.6mg. 7.59 mg. Cu(C,,H.NO.,),. 5.02% 
15 H,O 
8,072 68.0 8.085 i 64.4 8.069 se 5,29 
10.09 85.1 10.12 ; 80.6 10.10 5.29 
11.10 93.1 11.07 i 88.4 11.08 ‘a 5.05 


Thus, it is evident from the above that for the determination of copper, the 
salt formed by the reagent can be dried either at 110° when the composition is 
Cu(C;4HgNOz)se, 1.5H2O or at 180° when the composition is Cu(C,gHsNO¢e)>. 


Analytical Procedure.—The copper sulphate solution, after neutralisation with 
dilute ammonia, was acidified with 2c.c. of 2N sulphuric acid and diluted to 
about 180 c.c. The solution was then heated to boiling and to it was added 
dropwise with stirring a few c. c. of the sodium benzoquinaldinate solution ( 1 g. 
of 5: 6+benzoquinaldinic acid per 100 cc. solution ) till the precipitation was 
complete. The mixture was boiled with stirring for afew minutes more, then 
allowed to settle, filtered while hot, and washed with hot water to free it from 
the excess reagent. If so needed, it might be further washed with a few c.c. of 
alcohol in which the reagent was highly soluble and again washed with a few 
c.c. of hot water. It was then dried at 110° and weighed. The amount of copper 
was obtained by multiplying the weight of the copper compound with the factor 
0.1189. The /x of the filtrate from copper precipitation was determined by means 
of Beckman f/x meter. The results are shown in Table IV. 

7 











{ Contains 5g. of ammonium sulphate. 
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TasBLe IV 
No. Ccpper Reagent PH Wet. of copper Cu found. Error. ce 
taken. solution. salt ‘4 
1 39.78 mg. 34 c.c. 2,0 334.9 mg. 39.82 mg. +0.04 mg. ve 
2 29.84 25 2.0 251.1 29.86 +002 di 
3 13.92 12.5 1.90 117.7 14.00 +0.08 
4 9.945 10 1.92 83.6 9.940 —0.005 fo 
= 7.956 8 1.97 67.1 7.979 +0.023 Wi 
6 9,812 10 3.5 82.6 9,822 +0.010 ” 
7 2.7 82.3 9.786 —0.026 ” 
8 12.5 3.7 82.9 9.858 +0.046 ™ 
In experiments No. 6-8 the copper solution after neutralisation was acidified fr 
with 1-5¢.c. of glacial acetic acid and then for the precipitation, the boiling en 
solution was treated with an alcoholic solution of the reagent ( 1 g. of benzoquinal- 
dinic acid in 100 c. c. alcohol ). 4 
ne 
TABLE V all 
No. Copper 2N-H,SO,. Reagent pH. We. of Copper Error. Tl 
taken. solution. Cu salt. found. 
l 10.77 mg. 30 c.c 11 c.c. 0.70 72.2 mg. 8.585 mg. - 2.185 mg. 
2 10.77 20 ll 0.82 90.4 10.75 —0.02 
3 9,945 25 20 0.94 83.9 9.976 +0.031 
4 10.77 17.5 ll 0.96 90.7 10.78 +0.01 ' 
5 21.45 25 32 1.00 180.3 21.44 -0.01 
6 21.45 20 25 1.10 180.8 21.50 +0.05 
7 21.45 12 20 1.43 181.2 21.55 +0.10 
8 21.45 6 20 1.70 180.7 21.49 +0.C4 
4 21.45 4 20 1,90 180.9 21.51 +0.06 
10 10.77 0.01 ll 4.35 90.6 10.77 Nil 
11 10.77 Just acidic 1l 5.46 90.8 10.80 +0.03 
12 23.14 0.5 25 6.70 195.0 23.18 +0.04 
13 21.45 25 7.30 180.7 21.49 +0.04 
14 *9.812 10 7.60 83.0 9.870 +0.058 
15 t 9.812 10 7.90 82.4 9.797 - 0.015 
16 23.60 25 8.90 199.2 23.68 +0.08 ‘ 
17 23.14 * 25 9,40 194.6 23.14 Nil 
« Contains . 5g. of ammonium chloride, of 
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Study of pu ranges—For the study of the fu ranges over which copper was 
completely precipitated, the procedure followed was the same as given under the 
“Analytical Procedure” for copper. Different ranges of fa were obtained by 
varying the amount of sulphuric acid and the quantity of the sodium benzoquinal- 
dinate solution. For fu ranges over 7, the copper solution was rendered ammoniacal 
with an excess of ammonia and then treated with a few c. c. of the sodium 
benzoquinaldinate solution and water to dilute to about 200c.c. This was boiled 
for a few minutes. The copper precipitate was then allowed to settle, filtered, 
washed, etc., as stated above. The fu of the filtrate from copper precipitation 
was determined in the same way as mentioned above. The results are shown 
in Table V. 


Thus, it is evident from the results in Table V that copper is completely 
precipitated over the fu range 0.82 to 9.40 and that the copper can be estimated 
from cupro-ammonium salt solution even in the presence of an excess of 
3 ammonium salts. 





Estimation of Copper in presence of Tartrate, Citrate, Phosphate, Arsenite and 
Arsenate.—The copper sulphate solution containing the interfering ions was 
neutralised and either acidified with an excess of 2N sulphuric acid-or rendered 
alkaline with caustic soda where the fu is over 7, and then diluted to about 180 c.c 
The solution was then heated to boiling, and treated with the reagent for the 
precipitation of copper. The rest of the procedure was the same as stated above. 


8: The results are given in Table VI. 
TaBLe VI 
No. Copper Other ions taken. Reagent. pu. Wt. of Cu found. Error. 
taken. Cu salt. 
1 22.68 mg. C,H,O,” 1.0 g. 25 c.c. 2.60 191.2 mg. 22.73mg. +0.05 mg. 
2 23.14 * 15 25 7.60 195.1 23.19 +0.05 
3 23.14 “ 1.0 35 9.00 195.2 23.20 +0.06 
4 19.89 - 1.0 25 6.30 168.0 19.97 +0.08 
5 19.89 C,H,0,” 0.5 25 5.80 166.9 19.85 —0.04 
6 19.89 o 2.0 25 2.00 168.1 19.99 +0.10 
7 9.812 PO,’” 0.01 10 2.30 82.9 9.858 +0.046 
8 9,945 a 0.10 10 2.50 84.1 10.000 +0.(55 
9 9.945 As,O3 0.02 10 2.20 83.5 9.928 —0.017 
10 9,945 “ 0.10 10 2.30 83.9 9.977 +0.032 
11 9.945 As,O, 0.04 10 2.25 83.8 9.963 +0.018 
12 9.945 " 0.10 10 2.40 83.5 9.928 —0.017 


In the presence of tartrate the amount Of reagent should be increased for the complete precipitation 
of copper at high pu, 
In the presence of citrate low results were obtained at high pu range. 
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Separation of Copper from Magnesium, Calcium, Strontium and Bartum— 
For the separation of copper from nitrate solution containing any of the above 
mentioned cation, the solution after neutralisation was acidified with 2c. c. of 
2N nitric acid and the procedure as given for the estimation of copper was followed. 
The results are shown in Table VII. 































TABLE VII 


Copper taken=11.99 mg. Reagent added=12.5 c.c. 


Metals taken. Wt. of metals. Wr. of Cu salt. Copper found. Error. 
1. Barium 56.9 mg. 100.9 mg. 11.99 mg. Nil 
2. Barium 14.22 100.7 11.97 - 0.02 mg. 
3. Strontium 50.8 100.4 11.94 - 0.05 
4. Strontium 12.7 100.5 11.95 - 0.04 
5. Calcium 13.4 100.9 11.99 Nil 
6. Calcium 67.0 100.6 11.96 —0.03 
7. Magnesium 15.6 101.1 12.02 +0.03 
8. Magnesium 78.0 101.0 12.00 +0.01 


Further work on the separation of copper from other elements as also the 
methods of estimation of other elements are in progress. 


The authors wish to thank Prof. Dr. Clement Duval of Sorbonne, Paris, for his 
so kindly providing them with the pyrolysis curve of the copper salt and would 
also like to express their appreciation of his interest in this investigation. One of 
the authors ( A. K. Mallick ) gratefully acknowledges his indebtedness to Messrs. 
Calcutta Chemical Company Ltd., for the grant of a research fellowship. 
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COMPOSITION OF BERLIN GREEN (COMPLEX FERRIC 
FERRICYANIDE) BY THERMOMETRIC METHOD 


By ABANI K. BHATTACHARYA AND RAM SAHAI SAXENA 


The composition of Berlin Green has been studied by the method of thermometric titrations 
between ferric chloride and potassium ferricyanide at several concentrations of these reactants. The 
titrations have been carried out in aqueous and aqueous-alcoholic medium. From the breaks in the 
titration curves, the composition of the complex corresponds to Fel!!! [Fetll (CN),}. 


In continuation of our previous publications on the composition of these 
complexes by physico-chemical methods (this Journal, 1951, 28, 141, 221}, the 
composition of ferric ferricyanide has been determined by the thermometric titration, 
and the results have been included and discussed in this paper. 


ExPERIMENTAL 


The thermometric titration arrangement was similar to that adopted by 
Haldar (this Journa/, 1940, 23, 157). The reagents used were of ‘AnalaR' (B. D. H.) 
quality. Standard solutions of potassium ferricyanide were made by direct weighing, 
and ferric chloride solution was standardised against dichromate using diphenyl- 
amine as an indicator. 


Using different concentrations of the two reactants in solution, the titrations 
were followed by the direct and the reverse methods, z. ¢. when ferric chloride 
solution from the burette was added to potassium ferricyanide in the Dewar's flask 
and wice versa. Titrations were also carried out in the presence of alcohol upto a 
total concentration of 20% by volume. The total rise in temperature was plotted 
against the titre in c.c.. 


Direct Thermometric Titrattons 
TABLE | 


FeCl, soln.=1M/. M/4-KsFe(CN), soln. taken=20 c.c. Alcohol=nil (Fig 1, curve 1). 


FeCl, Total rise FeCl, Total rise FeCl, Total rise FeCl, Total rise 
added. in temp. added. in temp. added. in temp. added. in temp. 
0.0 c.c. 0.000 25 en 0.220 5.0 cc. 0.435 7.0 c.c. 0.550 
0.5 0.050 3.5 0.310 5.5 0.475 8.0 0.600 


0.090 4.5 0.390 6.0 0.500 9.0 0.640 


0.130 10.0 0.690 


1.0 








15 
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TABLE II 


FeCl3=144. M/4-K3Fe(CN)¢ soln. taken=18c.c. Alcohol=2 c.c. (Fig 1, curve 2). 


FeCl, 
added. 


0.0 c.c. 
0.5 


1.0 


Total rise 
in temp. 


0.000 
0.070 
0.130 


FeCl, Total rise FeCl, 
added. in temp. added. 
2.0 ¢.c. 0.250 3.5 c.c. 
2.5 0.305 4.0 

3.0 0.360 5.0 


TABLE III 


Total rise 
in temp. 


0.420 
0.475 
0.580 


FeCl; Total rise 
added. in temp. 
6.0 c.c. 0.650 
7.0 0.710 
8.0 0.780 


FeClz=1M. M/4-KsFe(CN)<¢ soln. taken=16 c.c. Alcohol=4 cc. (Fig 1, curve 3). 


FeCl, Total rise FeCl, Total rise FeCl. 
added. in temp. added. intemp. added. 
0.0 c.c. 0.000 2.5 €.c. 0.470 45 c.c. 
1.0 0.190 3.0 0.550 5.0 
2.0 0.375 45 0.745 5.5 
TABLE IV 
FeCl; = 1773.5. 
FeCl, Total rise FeCl, Total rise FeCl, 
added. in temp. added. in temp. added. 
0.0 c. ¢. 0.000 30 cc. 0.150 50 c.c. 
10 0055 4.0 0 200 60 
£0 0.100 4.5 0.220 7.0 
T BLE V 


FeCl; = /3.5. M/20-K3Fe(CN). soln. taken=18 c.c. Alcohol=2 c.c. (Fig 2, curve 5). 


FeCl, 
added. 


0.0 c.c. 
1.0 
2.0 


FeCl, = 3.5. 14/20-K3Fe(CN).¢ soln. taken=16 c.c. Alcohol =4 c.c. (Fig 2, curve 6). 


FeCl, 
added. 


0.0 e.c. 
0.5 
1.5 


Total rise 
in temp 


0.0°0 
0.090 
0.160 


Total rise 
in temp. 


0.000 
0.095 
0.250 


FeCl, Total rise FeCl, 
added. in temp. added. 
3.0 c.c. 0.235 5.0 c.c. 
4.0 0.315 5.5 

45 0.350 6.0 


TABLE VI 


FeCls Total rise FeCl, 
added. in temp. added. 
35 ce. 0.400 4.5 c.c. 
3.5 0.560 5.0 

4.0 0.630 6.0 


Total rise 


in temp. 
0.790 
0.830 
0 865 


Total rise 
in temp. 


0 245 
0.295 
0.310 


Total rise 
in temp. 


0,390 
0.420 
0.440 


Total rise 


in temp. 
0.710 
0.755 
0.800 


FeCl, Total rise 
added. in temp. 
6.5 ¢.c. 0.935 
75 1.010 
9.0 1.110 


M/20-K;Fe(CN).¢ soln. taken=20c.c. Alcohol=nil ‘Fig 2, curve 4). 


FeCl, Total rise 
added m temp. 
8.0 c.c. 0.335 
9.0 0.355 

10.0 0.370 


FeCl, Total rise 
added. in temp. 
7.0 c.c. 0.470 
8.0 0.510 
9.0 0.550 


FeCl, Total rise 
added. in temp. 
7.0 cc. 0.845 
8.0 0.890 


9.0 0.935 








k 


ns 
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Reverse Thermometric Titrations 


TABLE VII 


K3Fe(CN),, = M/8. 4//25-FeCls soln. taken=20 c.c. Alcohol=nil (Fig 2, curve 7). 
KsFe(CN)e Total rise K,Fe(CN), Total rise K,Fe(CN), Totalrise KyFe(CN), Total rise 
adde 


in temp. added. in temp. added. in temp. added. in temp. 
0.0 ce, 0.000 3.0 c.c 0.125 5.0 0.200 7.0 c.c. 0.255 
1.0 0.020 40 0.160 6.0 0.240 8.0 0 270 
2.0 0.080 45 0.180 6.5 0.245 9.0 0.285 


TaB.E VIII 


K3Fe(CN),= 178. 4//25-FeCls soln. taken=18 c.c. Alcohol=2 c.c. (Fig 2, curve 8). 
K,Fe(CN), Totalrise K,Fe(CN), Totalrise K,Fe(CN), Totalrise K,Fe(CN), Total rise 
added. i 


in temp. added in temp. added. in temp. added. in temp. 
0.0 c.c. 0.C00 3.0 c.c. 0.185 59 Gc. 0.340 8.5 c.c. 0.445 
1.0 0.070 4.0 0.250 6.5 0.375 9.5 0.480 
2.0 0.125 5.0 0.305 7.5 0.410 10.5 0.515 
TABLE IX 


KsFe(CN)¢=A/8. 17/25-FeCls soln. taken=16 c.c. Alcohol=4 c.c. (Fig. 2, curve 9). 
— Total rise K,Fe(CN), Totalrise K,Fe(CN), Totalrise KyFe(CN), Total rise 
added. - 


in temp. added. in temp. added. in temp. added. in temp. 
0.0 c.c. 0.000 2.5 cc. 0.275 55 c.c. 0.580 80 c.c. 0.750 
0.5 0.060 3.5 0.380 65 0.650 9.0 0.810 
15 0.170 45 0.490 7.0 0.680 10.0 0.€80 
TaBLe X 


K,Fe(CN),=2.5 MZ. 0.5M-FeCl, soln. taken=20 c.c. Alcohol=nil (Fig. 4, curvel0). 
et ine Total rise K,Fe(CN), Totalrise K,Fe(CN), Totalrise K Fe(CN), Total rise 
adde i i 


in temp. added. in temp. added. in temp. added. in temp. 
0.0 c.c. 0.€00 3.0 c.c. 0.290 6.0 c.c, 0.490 75cc 0.565 
10 0.095 4.0 0.380 6.5 0.510 8.5 0.620 


2.0 0.190 5.0 0.435 7.0 0.540 9.5 0.655 
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TABLE XI 


KsFe(CN). =2.54Z 0.544-FeCls soln. taken=18 c.c Alcohol=2c.c. (Fig. 4, curve 11). 


K;Fe(CN), Totalrise K,Fe(CN),g Totalrise K Fe(CN), Totalrise KsFe(CN)¢ Total rise 
added. in temp. added. in temp. added. in temp. added. in temp, 
0.0 c.c. 0.000 3.0 c.c. 0.350 5.0 c.c, 0.530 7.0 c.c. 0.680 
1.0 0.120 4.0 0.450 a5 0.565 8.0 0.769 
2.0 0.240 4.5 0.485 6.0 0.605 9.0 0.825 


TABLE XII 


Ks3Fe(CN)., ~=2..54. 0.544-FeCls soln. taken =16 c.c. Alcohol =4 c.c. (Fig. 4, curve 12). 


K,Fe(CN), Totalrise KgFe(CN), Totalrise K,Fe(CN).¢ 
added. in temp. added. in temp. added. in temp. 
0.0 c.c. 0.000 2.5 ¢.c. 0.460 5.0 c.c. 0.730 
0.5 0.100 3.5 0.610 a5 0.775 
15 0.280 4.5 0.690 6.0 0.820 
TaBLE XIII 
Points showing breaks. 
Direct titrations (curves 1-6). 
FeCl,. KgFe(CN),. Aqueuus solns. Alcoholic solutions. 
Cale. Observed. Calc. Observed. 
1M M/4 5 c.c. 5.4 c.c. 4.5 c.c. 4.70 c.c. in 10%alcohol 
4.0 410 20% 
M/3.5 M20 5.71 6.0 5.14 5.30 10% 
4.58 4.70 20% 
Reverse titrations (curves 7-12). 
M/25 M/8 6.40 cc. 6.0 c.c. 5.78 c.c. 5.60 c.c, in 10%alcohol 
5,11 5.0 20% 
0.5M 2.5M 4.0 3.80 3.60 3.50 10% 
3.20 3.20 20% 


Bsa t224106Hh 


Total rise K,Fe(CN), Total rise 


added. in temp. 
7.0 c.c 0.900 
8.0 0.990 
9.0 1.080 


Formula surpported. 


Felll [Fetll (CN),] 


Felll [Felll (CN),] 


Fell! (Felll (CN),] 


Felll (Felll (CN),) 


From the strength of the solutions of FeCl;(14Z) and potassium ferricyanide 
(M/4), the calculated titre values required for 20c.c. of KsFe(CN)g, for the formation 
of the more probable compound Fe™[Fe™(CN),] in direct titration, would be 5.0c.c. 
of FeCl solution and in the reverse titrations the theoretical values can be calculated 
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accordingly. Comparing these with the titre values obtained by the thermometric 
titrations (Table XIII), it is obvious that both in direct.and in the reverse titrations 
the molecular composition of ferric ferricyanide corresponds to Fe"! [Fe™(CN)<]. 
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M/3-K,Fe(CN),_ added in c.e. 


From the above table itis clear that in the case of direct titrations 
{FeCl added to KsFe(CN)¢] the observed titre values of FeCls in aqueous medium 
are slightly higher than the calculated ones, while in the case of reverse titrations, 
they are slightly lower than the calculated values for the formation of the 
compound Fe[Fe(CN),]. When the titrations are carried out in presence of 
increasing amounts of alcohol, the observed titre values, both in the case of the direct 
and the reverse titrations, approach the calculated titre values more closely. 


The discrepancy between the observed and the calculated titre values (‘Table 
XIII) in aqueous medium, and the subsequent change when the titrations are 
performed in aqueous-alcoholic medium, supports our views on hydrolytic and 
adsorptive behaviour of such complexes (cf. previous parts, this Jowrna/). 


On hydrolysis, ferric ferricyanide would release some Fe(CN),” which will 
consume some extra amount of FeCls, though small, and hence the amount of FeCl; 
required will be slightly greater than the calculated equivalent when the 
titrations are carried out in aqueous medium by the direct process. And conversely, 
in reverse titrations a slight decrease in the titre values from the calculated 
equivalent will be observed when the titrations are performed in aqueous medium. 
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In the presence of alcvhol, the hydrolysis is checked to some extent, and thus a 
closer approach to the theoretical values is envisaged by the experimental results. 


The adsorption of Fe’’’ and Fe(CN),” ions by the complex can also bring 
about this discrepancy. In case Berlin Green has a tendency to adsorb more 
ferric ions than ferricyanogen ions, similar observations (higher titre values in the 
direct titration and lower values in the reverse case) as recorded above are likely 
to take place. . 


Fic. 4 


es 


Total rise in temp. 








! l . J j j " j 
0 2 4 6 ° 8 Y 





5M-K3Fe (CN), added in c.c. 


Thus, the apparent discrepancy between the titre values as obtained by the 
thermometric method and those calculated on the basis of the strength of the 
reacting solutions may be accounted for. In fact, both the effects of adsorption and 
hydrolysis should be taken into consideration to explain this discrepancy. 
Quantitative adsorption of Fe’’and Fe(CN),” ions by the ferric ferricyanide sol, 
and its hydrolysis have been studied and the results will follow shortly. 


Thanks of the authors are due to Dr. S. S. Deshapande of Agra College for his 
keen interest in these investigations. 


Cuemican LABORATORIES, Received September 15, 1951. 
Acra CoLLece, AGRA. 
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STUDIES IN SURFACE TENSION MEASUREMENT OF SOME 
COLLOIDAL SOLUTIONS. PART I. GUM ARABIC, GUM 
TRAGACANTH AND DEXTRIN SOLS 

By S. N. BANERJI 


- 


The surface tension of gum arabic, gum tragacanth and dextrin sols at different temperatures, 
concentratrations and in presence of electrolytes have been determined with a modified form of 
Traube’s apparatus. The surface tension is seen to decrease continually with increase in concentration 
and also with increase of temperature. The surface tension of gum arabic sol is lowered with increasing 
quantites of acid added. On the other hand, when an alkali is added, the surface tension goes on 
increasing with increasing concentrations of sodium hydroxide. Also, the effect of salt solutions on the 
lowering of surface tension of gum arabic sol shows that the power of different ions in lowering the 
surface tension is in the order : Li) Na) K ) Ca » Ba. 


The above observations have been explained from the point of view emphasised in previous 
oublications that the reversible colloids have some disolved material in true solution state under the 
following conditions of equilibrium: Simple molecules<— Aggregated molecules<— Colloidal 
particles. 


The depression of surface tension of a liquid by the addition of traces of 
a capillary active substance was shown by Gibbs (Collected papers, I, p. 233) to 
be due to considerable adsorption of the substance on the surface of the liquid. 
As this adsorption takes some time to reach its maximum, the depression in 
surface tension will be maximum only when the adsorption of the substance by the 
liquid surface has been complete. It is therefore apparent that if sufficient time 
is allowed for the formation of a surface, the depression in the surface tension will 
be greater than in those cases where the surface is formed quickly. In other words, 
as Frenudlich (“Colloid and Capillary Chemistry”, 1926, p. 533) has pointed out, that 
the static surface tension in most cases is less than the dynamic ones 


Berczellar (/nuternat. 7. Phys. Chem. Btol., 1914, 1, 124) found with gelatin, 
Saponin, serum, caesin, etc. that the surface tension was lowered to a considerable 
extent when the time for the formation of the drops was increased and finally the 
value became constant. 


Thus, with Traube’s stalagmometer, if the drops are formed at a slow rate, 
allowing the surface to get sufficient time to reach its maximum value for adsorption 
of the capillary active substance, it may be expected to be able to measure the static 
suface tension under these circumstances. 


In the present series of investigations, an attempt has been made to determine 
the surface tension of various naturally occurring chlloidal substances, at different 
conditions of temperature, concentration and in presence of electrolytes. This 
paper records the author's observations in the cases of gum arabic, gum: tragacanth 
and dextrin studied by the method of Traube, modified as described below. 
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SURFACE TENSION MEASUREMENT OF SOME COLLOIDAL SOLUTIONS 


REAPRRLBRARTAL 


For the studies in the determination of surface tension described in this paper, 
Traube’s method was modified to obtain a slow rate of the formation of drops. 
The stalagmometer was connected to a manometer and an aspirator by a three-way 
tap so that when the pressure was reduced below the atmospheric pressure and 
the drops allowed to fall under the reduced pressure, a fairly long time was taken 
for the formation of drops. Experiments were performed at the minimum pressure 
which gave a practically constant number of drops fora particular volume of the 
colloidal solution. The arrangement may therefore be said to give a fairly constant 
measure of static surface tension. The stalagmometer was placed ina large sized 
bottle which was immersed in a thermostat maintaining a constant temperature 
within +0.1°. 


Gum Arabic Sol 


The best available sample of gum arabic was used. The gum arabic was 
washed alternately with water and alcohol, and was thus purified. The purified 
sample was dissolved in water and filtered through a Buchner funnel and its 
concentration was determined by evaporating a known volume of the sol on a water- 
bath and weighing the residue. The sol contained 4.066 g. of the gum per 100 c.c. 


It was observed that the surface tension of the sol of gum arabic (as also 
that of gum tragacanth) changed remarkably with age, so particular care was taken 
to complete the study of a set in a day, so that the change may not be appreciable 
during the progress of the experiment. It should be mentioned here that experimen- 
tal data are in each case a mean of sets of three observations and are reproducible 
with an accuracy of 0.1%. 


TaBLeE I 
Effect of temp. on the surface tension of the 4.066 % soil. 
Temperature oat 30° 40° 50° 
Surface tension (dynes/cm.) ... 6!.80 60.46 59.03 


TABLE II 


Effect of conc. on the surface tension at 30. 


Concentration (°%) ose 4.066 2.033 1.016 
Surface tesion (dynes/cm.) ... 63.16 67.09 69 93 
TABLE III 
Effect of diff. conc. of ACI om the surface tension of the 4.066% sol at 30°. 
Sol. Surface tension. 
40 c.c. Sol+ 10 c.c. water 70.63 dynes/cm. 
40 » + 10 #£N/L89-HCl 65.13 


40 » 3 N/1.89-HCl 67.30 
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TABLE IV 
Effect of diff. conc. of alkali on the surface tension of the 4.066%, sol at 30°. 
Sol. | Surface tension. 
40 c.c.Sol+ 10 c.c. water 70.63 dynes/cm. 
40 .- 1.087N-NaOH 68.31 
40 » + 10 N/9174-NaOH 67.30 
TABLE V 


Effect of various salt soln. on the surface tension of the 4.066%, sol at 30°. 
Sol. Surface tension. 
40 c.c.Sol+ 10 c.c. water 70.63 dynes/cm. 


With monovalent salts : 


40 c.c.Sol+ 10¢c. N-LiCl 67.02 
40 » + 10 N-NaCl 67 63 
40 » + N-KCl 68.02 


With bivalent salts : 
40 c.c. Sol + 10 c.c. 1,253 N-CaCl, 68.40 
40 ., + 10 N-BaCl, 70.13 


Gum Tragacanth Sol 


A Kahlbaum’s sample of gum tragacanth was used and the preparation and 
the estsmation of the sol was done as in the case of gum arabic sol. The sol of gum 
tragacanth was found to contain 0.204g. tragacanth per 100 c.c. 


TABLE VI 


Effect of conc. on the surface tenston of the sol at 30°. 


Conc. (%) ew» 0.204 0.102 
Surface tension (dynes/cm.)... 53.48 55.08 
TABLE VII 
Effect of temp. on the surface tenston of the 0 204% sol. 
Temperature ne a 50° 60° 
Surface tension (dynes/cm.)...* 69.54 €7.80 66.00 


As has already been said, the surface tension of the two gum sols changed with 
age ; thus, we find in Tables I and II the values for surface tension of the same 
concentration of the sol deviate by about 1.36%, as the the observations were taken 
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on different days. On the other hand, in Tables III to V. care was taken to finish 
the sets in one day and we find that the observations recorded in the first row of 
these tables are concurrent. showing that the values are not affected by a difference 
of a few hours. The difference in the case of gum tragacanth seems to be more 
pronounced. 


Dextrin Sol 


Extra pure sample of dextrin was used. Concentrations were known, as the 


solution was prepared by direct weighing. 


TABLE VIII 


Effect of conc. on the surface tension at 30°. 
Concentration (% a 2.00 4.00 8.00 


Surface tension (dynes/cm.)... 71.70 71.38 70.86 
DISCUSSION 


The experimental results as recorded in the above tables, show that the surface 
tension of the colloidal solutions investigated here decreases continually with 
increase in concentration and also with increase of temperature. Table III shows 
that the surface tension of gum arabic sol is lowered with increasing quantities 
of the acid added. On the other hand, when an alkali is added, as evident from 
Table IV, the surface tension goes on increasing with increasing concentrations 
of sodium hydroxide. Also, the effect of salt solutions on the lowering of surface 
tension of gum arabic sol, as recorded in Table V, shows that the power of 
different ions in lowering the surface tension is in the order: Li )Na )K >Ca Ba. 


Observations of Botazzi (Quart. /. Exp. Physiol. Supp/., 1923, 65) show that 
the maximum effect on the depression of surface tension of water by proteins 
occurs at their isoelectric point and he considers this effect to be due to the 
state of the dissolved molecules obtained from the proteins and not due to 
their ions or molecular aggregates. On the other hand, Walker (/. Chem. Soc., 
1921, 119, 1521) working on the sols of different fatty acids, concludes on the 
basis of McBain's theory of soap solutions, that their capillary activities depend 
more on the aggregated molecules present in them rather than on the simple 
molecules or the particles of distinct colloid dimensions. 


It has been emphasized in a previous publication (this Journa/, 1930, 7, 923) 
that the reversible colloids have some dissolved material in true solution state under 
the following conditions of equilibrium : 


Simple molecules ae Aggregated molecules ae Colloidal particles. 


It is well known (‘“Alexander,” Colloid Chemistry”, p. 193) that a drop in the 
surface tension of a liquid by an added substance occurs when the molecules are 
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distinctly orienated on the liquid surface and the phenomenon depends on the 
chemical nature of the molecules also. Gibbs (/oc. ct#.) has shown that surface 
adsorption is intimately connected with the adsorption of the solute molecules on 
the surface. Hence, it is expected that the drop in the surface tension of a liquid 
will be pronounced if the Solute molecules are ofa polar nature and are high'y 
adsorbed on the surface of the liquid. The dissolved material, if polar in nature, 
lowers the surface tension by being adsorbed on the surface. The greater the 
adsorption, greater will be the lowering of the surface tension. The adsorption 
will be greater for the aggregated molecules than either for the simple molecules or 
the colloid particles. The present author's observations are in accordance with the 
views given above, as at higher concentrations, greater amounts remain dissolved, 
giving rise to a larger number of both aggregated and simple molecules. 


Regarding the effect of acids and alkalis it seems probable that the solubility 
of gum arabic being very low, the colloidal material yields a greater number of 
aggregated molecules with a higher amount of acid, whilst alkalis have a tendency 
to simplify colloid particles. 


Further work in this direction will be described in subsequent publications. 


DEPERTMENT OF CHEMISTRY, Received April 9, 1951. 
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° CONDENSATION OF ACETONE DICARBOXYLIC ACID WITH PHENOLS 

* AND PHENOLIC ETHERS. PART IV. FORMATION OF §-(4-METHOXY- 

* 2-METHYL-5-zsoPROPYLPHENYL)-GLUTACONIC ACID 

he By V. M. BHAVE 

# Acetone dicarboxylic acid has been condensed with thymol methyl ether in presence of H,SO, 

* with the formation of an acidic substance, m. p. 174°. 

4 In previous parts the condensation of acetone dicarboxylic acid with various 
phenolic ethers has been described. While trying to extend the reaction described 
in Part I (Limaye and Bhave, this Journal, 1931, 8, 137) of this series, acetone 

ty dicarboxylic acid was prepared by the usual method and condensed with thymol 

of methyl ether in the presence of sulphuric acid, when condensation of acetone 

y dicarboxylic acid with phenolic ether was found to take place smoothly. From 


the reaction mixture an acidic substance of m. p 174° was-isolated. From the 
general properties and the results of analysis and titration, this was found to be 
a dibasic acid, obtained by the condensation of one molecule of the acetone 
dicarboxylic acid with one molecule of thymol methyl ether with the elimination of 
: one molecule of water, according to the following scheme of reactions : 


us! CH—COOH __ Me CH—COOH 
MO¢ + HOC? —meo-< )—c?¢ +H;0 
c— CH,—COOH OS CH,—COOH 
CsH;, C3H;, 
(C,1H 1.0) (C;H,O;) (Ci gH20O35) 
Thymol methyl Acetone dicar- The acid. 
ether. boxylic acid. 


From its general properties the substance was found to be a /-arylglutaconic 
acid. As thymol methyl ether, however, contains three unoccupied positions in 
the benzene ring at which the acetone dicarboxylic ,acid chain may attach itself, it 
is necessary to determine the position of attachment. This was done by subjecting 
the condensation product to oxidation which occurred as follows. 





CH—COOH 
r—c4 KMn O, 
\ ——— > R—CO—COOH 
CH2—COOH 
B-Arylglutaconic acid. Substituted phenylglyoxalic acid. 





| u,0, R—COOH 


Substituted benzoic acid. 
where R= — (4-methoxy-2 methyl-5-zsopropylphenyl)- 
~) 
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In the case of oxidation of f-arylglutaconic acids it has been observed by the 
present author that the use of KMnO} in excess givesa poor yield of the product of 
oxidation, viz. the substituted benzoic acid. If less KMnO, is used, however, a mixture 
which seems to consist of the substituted benzoic acid and the corresponding 
substituted phenylglyoxalic acid is obtained in good yield. When this mixture is 
treated with HgOz, in glacial acetic acid, the glyoxalic acid also is oxidised to 
the corresponding benzoic acid, and thus, a better yield of the substituted benzoic 
acid is obtained. The condensation product was therefore oxidised by treatment 
with KMnQg,, followed by the action of HeOe, when an acid of m. p. 137°, which 
was identified as the known methoxy-/-thymotinic acid, was obtained. This 
shows that in the condensation product the acetone dicarboxylic acid chain is 
attached in a position fara with respect to the methoxy group of thymol methyl 
ether, and therefore, the acid of m. p. 174 can be called 8-(4-methoxy-2-methyl- 
5-zsopropylphenyl)-glutaconic acid. 

It has been shown by Limaye and Bhave (/. Univ. Bom., 1933, Part II, 82) 
in the typical case of /-(4-methoxyphenyl)-glutaconic anhydride that by the 
action of acetic anhydride and sodium acetate it undergoes a Perkin type of 
reaction similar to one given by phthalic anhydride and the resulting compound, 
which corresponds to phthalylacetic acid, has, by analogy, been named as /-(4- 
methoxyphenyl)-glutaconylacetic acid. (This compound has been shown to exist 
in keto and enol forms both of which have been prepared). It has also been 
shown that these two acids show a parallelism in their reactions. Gogate (Proc. 
Ind. Acad. Sct., 1938, 1, 214), however, thinks that the above f-arylglutaconyl- 
acetic acid is a C-acetyl derivative of the (f-arylglutaconic anhydride. The 
present author has, however, shown the reasons why this C-acetyl derivative 
structure cannot be accepted for this type of compounds (Bhave, Rasayanam, 
1938, 1, 127). On extending the reaction to the anhydride of S-(4-methoxy-2- 
methyl-5-zsopropylphenyl)-glutaconic acid, an acid of m. p. 130° (equiv., 316.1) 
was obtained. As this compound gives coloration with FeCls, by analogy with 
the formation of the enol form of §-(4-methoxyphenyl)-glutaconylacetic acid, it- 
can be called the enol form of f-(4-methoxy-2-methyl-5-csopropylphenyl)- 
glutaconylacetic acid, formed according to the following scheme : 


Me Me 
| Fe —H,O | YCH-C=CHCO,H 
MOK >C 0 + CHsCOOH—> MeOK YC So 
[ ‘CH=COH | = CH= COH 
C3H, Pr 
B-(4-Methoxy-2 methyl-5 iso- B-(4-Methoxy-2 methyl-5 iso- 
propylphenyl)-glutaconic anhydride, propylpheny])-glutaconyl- 


acetic acid (enol form). 





By the action of alkali, followed by acidification, the acid (m.p. 130°) was found 
give rise to another acid (m.p. 115° ; equivalent, 289) which by analogy with 
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the formation of the 8-(4-methoxyphenyl)-Y-acetovinylacetic acid, can be called the 
8-(4-methoxy-2 methyl-5 isopropylphenyl)-¥-acetovinylacetic acid, formed according 
to the following scheme (cf. Limaye and Bhave, oc. ci/.). 


Me Me 
‘Lal CH-—C=CH.COOH | CH.CO.CH>.COOH 
meo< > —C7 Yo ——>Me0¢__ > c€ 
., H.O ~ CH,.COOH 
CH=COH i 
Pr r 
The acid, m p. 130°, Unstable dibasic acid 


(not isolated.) 
| -co. 


Me 
rm CH-CO-CHs 
Meo—€ —c?¢ 
r CH.-COOH 


Pr 
The acid, m.p. 115°. 


ExPERIMENTAL 


B-(4-Methoxy-2-methyl-5-isopropylphenyl)-glutaconic Actd—Acetone  dicar- 
boxylic acid mixture was prepared from 25g. of citric acid and 40 c.c. of 
concentrated sulphuric acid (Dey and Row, this /ourma/, 1924, 1, 112) to which 
10 cc. of freshly distilled thymol methyl ether were slowly added in 15 minutes at 
room temperature. The contents of the flask after keeping for 2} to 3 hours were 
slowly poured in 150 cc. of water. The white solid that sepdrated was washed 
with water and dried (yield 3.5 g.). It was dissolved in NaHCO; solution, 
filtered and acidified. The precipitated solid could be crystallised from a large volume 
of boiling water or from dilute acetic acid, when snow-white crystals of the 6-(4- 
methoxy-2-methyl-5-zsopropylphenyl)-glutaconic acid, m. p. 174° (decomp.) were 
obtained. The acid is insoluble in benzene, chloroform and ether; soluble in 
alcohol and sparingly soluble in dilute acetic acid and water. It gave no coloration 
with FeCls. The crystals exhibited phosphorescence. (Found-: C, 65.23: H, 6.77; 
equiv., 145.9. C;gHe Os requires C, 65.75; H, 684 per cent. Equiv., 146.0). 


Methoxy-patra-thymotinic Actd: Formation by the Oxidation of the Actd (m. p, 
174°).—The above acid of m. p. 174 (1g.) was placed in a flask and a solution 
of KMnQO, (2.25g. in 40 c.c. water) was slowly added with constant stirring. 
The reaction was completed by heating the flask on a water-bath for about 
15 minutes. The solution was filtered hot, allowed to cool, and acidified with 
HCl. The solid that precipitated was then dissolved in5c.c. of glacial acetic 
acid, and 5 c.c. of 20 volume HoOe were added. The solution was heated on a 
water-bath and evaporated to dryness. The solid residue on crystallisation from 
dilute acetic acid gave anacid,m. p. 137° which was identified by its properties 
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as the known methoxy-fara-thymotinic acid. (Found: C, 69.02; H, 7.55; equiv., 
208.3. Cale for C3gHi,03:C, 69.23; H, 7.69 per cent. Equiv., 208.0). 


B-(4-Methoxy-2-methyl-5-isopropylphenyl)-glutaconic Anhydride —The acid of 
m. p. 174° (1g.) was boiled with 2 cc. of acetic anhydride for 5 minutes. The 
solution was allowed to cool, and the crystals separating were filtered, washed 
with a small quantity of ether and then recrystallised from benzene in prismatic 
crystals, m. p. 115°. The anhydride, so obtained, gave a green coloration with 
ferric chloride. It titrated as a monobasic acid, a property possessed by the 
enol forms of anhydrides of f-arylglutaconic acids in general. [Found : Equiv., 
273.6. Monobasic acid, C}gH;sO,4 requires equiv., 274.0). ” 


B-(4-Methoxy-2-methyl-5-isopropylphenyl)-glutaconylacetic Actd—B-(4 Methoxy- 
2-methyl-5-zsopropylphenyl)-glutaconic acid (2 g.) was mixed with fused sodium 
acetate (2 g.) and 3c.c. of acetic anhydride were added, and the mixture heated 
ona boiling water-bath for 8to 10 minutes and then poured in 40 c.c. of water 
and 2c.c.of HCl. The precipitated solid was filtered, washed with a little water 
and crystallised from acetic acid in pink colored elongated plates, m. p. 130.° 
The acid so obtained gave a violet coloration with ferric chloride in alcoholic 
solution. (Found : Equiv., 316.3. Monobasic acid, C}gsH2oO; requires equiv., 316.0). 


B-(4-Methoxy-2-methyl-5-isopropylphenyl)-Y-acetovinylacetic Actd.—The above 
acid of m. p. 130° (2g.) was dissolved in N/2-NaQOH solution (25 c. c.) and allowed 
to stand overnight, after which it was heated on a water-bath for half an hour. 
On cooling, the solution was acidified with dilute HCl and the precipitated acid was 
crystallised from dilute acetic acid as white needles, m. p.115°. This acid gave 
no coloration with ferric chloride. (Found: C, 70.50; H, 7.63; equiv. 289.8. 
Monobasic acid, C;;Hg2O, requires C, 70.34; H 7.58 percent. Equiv., 290.0) 


Buave House, 
105, Hixpu Co.oyy, Received April 21, 1950. 
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COMPLEX COMPOUNDS OF THIODICYANDIAMIDINE (GUANYL 
THIOUREA) WITH METALLIC ELEMENTS. PART II 


By SaILENDRA NATH PODDAR AND PRIYADARANJAN Ray 


In continuation of the previous work, complex compounds of thiodicyandiamidine with bi- and 
tervalent cobalt, bivalent palladium and bivalent mercury, as well as a salt of the base with disulphito- 
platinous acid, have been described and their constitution discussed. 


Ray and Chaudhury ( this Journal, 1950, 27, 673) have shown that thiodicyan- 
diamidine behaves as a bifunctional group like the biguanides and yields with 
copper and nickel, complex compounds which are of the inner-metallic type. The 
base can react in either of its tautomeric forms (loc. ci¢.). 


In the present work, compounds of thiodicyandiamidine with bi- and tervalent 
cobalt, bivalent palladium, mercury and platinum have been prepared, and it has 
been found that the ligand reacts in its ‘sulphhydril’ or ‘thiol’ form. 


The cobaltous compound was formed as a brown substance. It is easily 
affected by air and decomposed by alkali. This agrees with the assumption of the 
Co—S bonds in the molecule (I). 


NH 


AN 
seul ‘Sena 
S NHe 
\/ 
Co 
&N 
ah 
HN=C C=NH 
V4 
NH 
(1) 


Like all other cobaltous complexes of the penetration type, the substance has 
been found to be paramagnetic. 


For the preparation of the cobaltic complexes, hexammine cobaltic chloride 
[(Co(NHs),!Cls was used, which provided the central metal atom. Three moles 
of thiodicyandiamidine and three of caustic alkali were used per mole of hexammine 
cobaltic chloride. The complex cobaltic compound was obtained as a chocolate- 
brown precipitate. The filtrate from it, on long standing, gave scarlet-red crystals of 
diammino-é:s-thiodicyandiamidine complex, probably of the /rams-configuration. 
The latter compound has also been prepared bya direct method. The complex 
base gave chloride, sulphate and nitrate, of which the chloride was highly soluble 
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in water, whereas the sulphate and the nitrate were almost insoluble. Th two 
compounds are represented by (II) and (III) respectively : 


(Co(Th-Dic.) 3] [(NH3)2Co(Th-Dic.) 2] X 
(II) (IIT) 


NH 
Il 
where Th-Dic. represents the HN=C—NH—C—NHg group and X, a univalent 
| 


acid radical. oe 


Penta- and tetrammines such as _ nitro-pentammine, dinitro-tetrammine and 
carbonato-tetrammine coblatic chloride have been used in place of hexammine 
coblatic chloride, leading to the formation of only the tris-thiodicyandiamidine 
derivative in all cases. All the cobaltic complexes, as usual, were found to be 
diamagnetic. 


With mercuric chloride, however, excess of thiodicyandiamidine gave a 
transparent crystalline compound, stable only at a very low temperature (0°-5°), 
but which decomposed into orange or red mercuric sulphide when warmed to the 
room temperature. 


On the other hand, with excess of mercuric chloride, a white precipitate was 
formed. This may be represented as a double compound as shown below. For, 
it was observed that an aqueous suspension of the substance, on treatment with 
a dilute solution of potassium iodide, changed partly into a transient scarlet 
product. With an excess of potassium iodide solution, the latter finally turned 
into a light yellow substance (V). The white precipitate can therefore be 
represented by (IV). 


HN=C—NH (HgCl) 
| HN=C—NH(HgCl) 
_ 


NH NH 


! 
/ 
| HN=C-—S (HCl) 
HN=C-—S (HgCl), HgCle. 


(IV) (V) 


With palladous chloride, two different compounds were obtained, one of 
which was cream-yellow in colour while the other was chocolate-brown. In the 
former, two molecules of thiodicyandiamidine were associated with one atom of 
Pd, while the latter contained two molecules of ammonia and one of thiodicyandi- 
amidine per palladium atom. Both these compounds decompose into biack palladium 
sulphide, when warmed with alkali, thereby indicating the metal-sulphur linkage in 
them. In this respect, palladium complexes differed from the corresponding nickel 
complex in which the Ni—S bond could not be substantiated from its bahaviour 
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towards warm alkali (Ray and Chaudhury, Joc. ci/.). The palladium complexes can 
therefore be represented as 


NH NH 
n ni 
HN=C-NH-C-NHz — HN=C-NH-C-NH; 
eg Pd 
Pd ‘s™ Cl 
a »s i (VID i. 
H2N—C-NH-C=NH 
| 
NH 
(VID 


When a solution of chloroplatinic acid was reduced by sulphur dioxide, and after 
the excess sulphur dioxide was removed by boiling, and the resulting solution treated 
with thiodicyandiamidine, a thiodicyandiamidinium salt of sulphito-platinous acid 
was obtained. This resembles the sodium and ammonium salts of sulphito-platinous 


acid, Nag or (NH,)e [Pt (SO3)o]. 


ExPERIMENTAL 


Thiodicyandiamidine was prepared as described before (cf. Ray and Chaudhury, 
loc. ctt.). 


Cobaltous bis-thiodicyandiamidine Trihydrate.—Cobaltous chloride hexahydrate 
(2 g.) was dissolved in 30 c.c. of water and to the clear solution 1 g. of ammonium 
chloride was added. This was treated in the cold with a solution of 3.2 g. of 
thiodicyandiamidine in 75 c. c. of water. The mixture was warmed on the water- 
bath till it became clear; it was then cooled and treated with a dilute solution of 
caustic potash till almost neutral. The precipitate formed was filtered, washed first 
with cold water and finally with alcohol. Brown crystals of cobalt 42s-thiodicyan- 
diamidine were thus obtained. 


The substance is insoluble in water and alcohol. It is decomposed by alkali, 
especially when warmed, with the formation of cobalt sulphide. On exposure to air 
for a long time, the colour of the salt changes, due probably to decomposition. The 
substance is paramagnetic. #g =1.8. [Found: Co, 16.93; N, 32.2; S, 1835; H2O 
(by loss of weight at 105°), 15.6. Co (CeH;N4$)o, 3HgO requires Co, 17.0; N, 
32.28 ; S, 18.44; HgO, 15.56 per cent]. 


Cobaltic tris-thiodicvandiamtdine Trtihydrate—Hexammine cobaltic chloride 
(2.1 g., 1 mol.) was. dissolved in 25 c.c. of water and to this was added in the 
cold, a solution of 1.27 g. of caustic potash and then 2.8g. (3 mols.) of solid 
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thiodicyandiamidine. The mixture was warmed on the water-bath at 40°-45,, till 
the colour of the solution changed to red. It was then quickly filtered and the 
filtrate allowed to stand overnight. The precipitate formed was then filtered 
and washed with cold water till the filtrate became colorless. The product was 
then dried in air. 

Cobaltic ¢ris-thiodicyandiamidine forms chocolate-brown crystals, insoluble in 
water and alcohol. It is decomposed by alkali into cobalt sulphide. The substance 
is stable in air and is diamagnetic. Xg — —0.3650x10°°. xm—= -169.3x10°®. [Found : 
Co, 12.6; N, 36.1; S, 20.7; HeO (by loss of wt. at 105°), 12.0. Co(CeHsN4S)s, 
3 H2O requires Co, 12.71; N, 36.2; S, 20.69; HO, 1163 per cent]. 


Cobaltic Diammino-bis-thiodtcyandtamidine Hydroxtde—The mother-liquor 
from the above described compound was allowed to stand for a few days in the 
air, when scarlet-red crystals separated from the solution. The same product was 
also obtained as follows. 

Hexammine cobaltic chloride (1.34 g.) was dissolved in 50 c.c. of water and to 
this was added 0.9 g. of pure sodium acetate. Then 1.3. of thiodicyandiamidine 
were added to the mixture and this was gently warmed on the water-bath till 
the colour changed from orange-yellow to rose-red. The mixture was then quickly 
filtered and the filtrate allowed to cool slowly, when fine deep red shining crystals 
of cobaltic diammino-4:s-thiodicyandiamidine trihydrate separated out, m.p. 194 
(decomp.). 

The product is slightly soluble in hot water and alcohol and is decomposed 
by alkali. It shows a diamagnetic susceptibility. xg = —0.3601k10°®. Xu ——130.3x 
10°*, [Found : Co, 16.4 ; N, 38.80 ; S, 17.6; H2O, 5.12. {Co (NH3)e. (CoHsN4S)e} OH, 
H2O requires Co, 16.3, N, 38.67 ; S, 17.68 ; H,O, 4.97 per cent]. 


The red compound is soluble in hydrochloric acid giving a brown solution, 
from which ammonium sulphate precipitates a brown product, difficult to purify. 


Compound of Mercuric Chloride with Thtodicyandtamidine.—Thiodicyandi- 
midine (1 g.) was added to a cold solution of mercuric chloride (7g.) with constant 
stirring. A voluminous white precipitate was formed which was allowed to stand 
for a few hours and then filtered and washed well with cold water. The product 
was then dried in air. The white compound is perfectly stable in air. It is insoluble 
in water, alcohol and dilute mineral acids. It is decomposed by strong nitric acid 
on heating. Hot alkali decomposes it, giving black HgS. Similar decomposition 
occurs when an aqueous suspension of the substance is heated on the water-bath 
for some time. { Found : Hg, 6435; N, 5.9; S, 3.6; Cl, 15.1. [(CHgCl). (C2H,N,S)].- 
HgCly, 4 HO requires Hg, 64.52; N. 6.02; S, 3.44; Cl, 15.27 per cent}. 


A compound of mercuric iodide with thiodicyandiamidine was formed by 
mixing mercuric iodide and thiodicyandiamidine in acetone solution. A deep yellow 
crystalline product was obtained, which readily decomposed in air with the 
formation of black mercuric sulphide. 
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Palladium bis-thiodicyandiamtdine.—A solution of palladous chloride in water 
was treated with a cold solution of thiodicyandiamidine in dilute hydrochloric 
acid. To this mixture a solution of sodium acetate was added, which produced a 
white gelatinous precipitate. On addition of dilute caustic soda solution, the gelatin- 
ous precipitate dissolved, but a curdy precipitate separated in a short time. The 
mixture was kept overnight in the cold and then filtered. The product was washed 
with cold water and dried in air. 


The substance forms cream coloured powder, insoluble in water and alcohol. 
It is decomposed by dilute hydrochloric acid giving a solution of PdCl,. On boiling 
with dilute alkali it is decomposed into PdS. [Found: Pd, 27.2; N, 2833;S, 160. 
Pd (C2H;N,4S)o, 3H2O requires Pd, 27.09 ; N, 28.35; S, 16.2 per cent]. 


Palladium dtammino-monothtodicyandtamidine chloride was obtained as 
chocolate coloured silky needles when a solution of thiodicyandiamidine was added to 
an ammoniacal solution of palladous chloride. The product was allowed to stand 
overnight in the cold. This was then filtered and washed with cold water. The 
substance was dried in air. 


The compound is slightly soluble in water and alcohol on warming. It is 
decomposed by acids and alkali. [Found: Pd, 344; N, 26.87; S, 10.1; Cl, 11.25. 
{Pd (NH3)2 (C2H5N,S)} Cl, HgO requires Pd, 343; N, 26.92; S, 1025; Cl, 11.38 
per cent]. 


Thiodtcyandiamidinium Platinous Sulphite—When a solution of chloroplatinic 
acid, reduced previously with sulphur dioxide, was treated in the cold (5°) with a 
solution of thiodicyandiamidine in water, a white precipitate was obtained. This 
was filtered, washed with ice-cold water and then dried in air. 


The substance is insoluble in water but soluble in dilute alkali. On prolonged 
boiling, the alkaline solution gradually decomposes giving platinum sulphide. {Found : 
Pt, 30.82 ; N, 17.6; S, 20.42. [(CoHzN,4S)e] [Pt(SO3)2], 2H2O requires Pt, 310; 
S, 20.3 ; N. 17.8 per cent}. 


InorGanic CuemistryY LABORATORY, Received September 25, 1951. 
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COMPOSITION OF COMPLEX FERROUS FERROCYANIDE BY 
CONDUCTOMETRIC METHOD 


By ABANI K. BHATTACHARYA AND RAM SAHAI SAXENA 


The composition of ferrous ferrocyanide has been studied by the conductometric titrations between 
ferrous sulphate and potassium ferrocyanide at several concentrations of these reactants. From the 
intersections inthe direct titration curves, the composition of the complex corresponds to K. Fell 
{Fell(CN).] which, with excess of ferrous sulphate, changes to Fe,!I{Fe(CN),]; whereas the reverse 
titrations suggest the formation of only one compound K,Feli[Fell(CN).]. 


In continuation of our previous publications on the composition of these 
complexes by physico-chemical methods (this Journal, 1951, 28, 141, 221) the 
composition of ferrous ferrocyanide has been investigated by the method of 
conductometric titrations and the results have been incorporated in this paper. 


ExPERIMENTAL 


Pure ferrous sulphate crystals were prepared by recrystallising from alcohol 
in presence of sulphuric acid. Standard solutions of FeSO, were prepared of several 
concentrations by titrating standardised solution of KMnO,. Potassium ferrocyanide 
was estimated ina similar way (Treadwell and Hall, “Analytical Chemistry”, Part 
II, p. 536). 


Conductivity water was used for the preparation of standard solutions and 
further dilutions. The conductivities were measured by Kohlrausch Universal 
Bridge (W. G. Pye Ltd.). Asmall induction coil was used as a source of alternating 
current in the circuit and the point of balance was measured by the minima 
of sound in the telephone. The titration cell was immersed in a thermostat to 
control the temperature within +1°. The conductance obtained after each addition 
was corrected for the dilution effect by multiplying the observed conductance by 
Vj10, where V is the total volume of the solution and 10 c.c. refers to the volume 
of the reactant already taken in the cell (Davis, “The Conductivity of Solutions”, 
p. 238). Curves were drawn between the corrected conductance and the volume 
of the titrant. The equivalence point was determined as a point of intersection 
of the two portions of the curves. Different concentrations of the reactants were | 
taken and the titrations were followed by the direct and the reverse methods 
(z.e., when FeSO, is taken in the burette and K,Fe(CN)~, in the cell and ace versa). 
The titrations were also carried out in the presence of alcohol up to a total concen- 
tration of 20% by volume. 
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Total vol. 
10.0 c.c. 
10.4 

10.8 


Total vol. 
10.0 c.c. 
10.4 

10.8 

11.2 

11.6 

12.0 

12.8 


Total vol. 
10.0 c.c. 

10.4 
10.8 
11.2 
11.6 
12.0 
12.4 
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Direct Conductometrie Titrations 


TABLE I 


FeSO, = 147/25. M/10-K,Fe(CN),=10 cc. Alcohol=nil. (Fig 1, curve‘l). 


Corr. conduct. (mho) FeSO, added. Tetal vol. Corr. conduct. (mho) 


118.9 
117.9 
116.0 
113.9 
111.0 
107.2 
105.6 


Vol. of KgFe(CN)¢=9 c.c. 


x 10-5 3.0 c.c. 13,0 c.c. 106.9 x 10-3 
3.4 13.4 "107.9 
4.0 14.0 «109.8 
4.4 14.4 - 110.9 
4.8 148 ~ 1121 
5.2 15.2 . 116.2 
6.0 16.0 126.2 
TABLE II 


Alcohol=1 c.c. (Fig. 1, curve 2). 


Corr. conduct. (mho) FeSO, added. Total vol. Corr. conduct. (mho) 


88.2 x 10-3 3.2 c.c. 13.2 c.c. 84.0 x 10-8 
87.1 3.6 13.6 86.0 
86.0 4.0 14.0 87.2 
84.4 44 14.4 89.0 
82.3 48 14.8 94.4 
£0.0 5.4 15.4 102.9 
82,5 6.0 16.0 110.8 
TaB_e III 


Vol. of K,Fe(CN), =8 c.c. 


Alcohol =2 c.c. (Fig 1, curve 3). 


Corr. conduct. (mho’. FeSO, added. Total vol. Corr. cunduct. (mho) 


61.8 x 10 -8 2.8 c.c. 12.8 c.c. 56.0 x 10-* 
60.7 3.2 13.2 58.6 
59.5 3.6 13.6 60.6 
57.7 4.0 14.0 63.0 
55.4 4.4 14.4 70.0 
52.6 4.8 14.8 77.1 


53.8 











5.2 15.2 844 
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TABLE IV 


FeSO, = u/4. M/20-K,Fe(CN),=10 cc. Alcohol=nil. (Fig 2, curve 4). 


FeSO, added. Total vol. Corr.conduct.(mho) ‘FeS.), added. Tota: vol. Corr. conduct. (mho) 
0.0 ¢,c. 10.0 c.c. 65.5 x 107 3.2 c.c. 13.2 c.c. 54.9 x 10-8 
0.8 10.8 59.0 3.6 13.6 56.0 
1.2 11.2 56.0 4.0 14.0 57.9 
16 11.6 52.7 4.4 14.4 61.0 
2.0 12.0 50.8 5.2 15.2 67.3 
2.8 12.8 53.7 5.6 15.6 71.0 
TABLE V 


Vol. of KyFe(CN),=9 cc. Alcohol=lec. (Fig. 2, curve 5). 


FeSO, added. Total vol. Corr. conduct. (mho) FeSO, added. Total vol. Corr. conduct..(mho) 


0.0 c.c. 10.0 c.c. 47.1x 1075 2.8 c.c. 12.8 c.c. 42.7 x 10-% 

0.4 10.4 45.5 3.6 13.6 44.5 

0.8 10.8 44.0 4.0 14.0 48.9 

1.2 11.2 42.3 4.4 14.4 53.0 

16 116 41.2 4.8 14.8 58.0 

2.4 12.4 42.0 5.2 15.2 62.1 
TABLE VI 


Vol. ‘of KyFe(CN),=8cc. Alcohol=2c.c. (Fig 2, curve 6). 


FeSO, added. Total vol. Corr. conduct. (mho) FeSO, added. Total vol. Corr. conduct. (mho) 


0.0 10.0 c.c. 36.5 x 107° 3.4 c.c. 13.4 cc. 35.2 1078 
0.4 10.4 35.0 3.8 13.8 39.0 

0.8 10.8 33.1 4.2 14.2 42.8 

1.2 11.2 31.6 4.6 14.6 46.0 

18 11.8 30.3 5.0 15.0 50.1 

2.2 12.2 31.0 5.4 15.2 53.0 

3.0 13.0 33.0 


Reverse Conductometric Titrations 


K4Fe(CN)g, solution was taken in the burette and added to FeSO, solution in 
the cell. 
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TABLE VII 


K,Fe(CN), = M2. M/8-FeSO, soln.—10c.c. Alcohol=nil. (Fig 3, curve 7). 
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K,Fe(CN), Total vol. Corr. conductance K,Fe(CN), Total vol. Corr. conductance 
added. (mho). added. (mho). 
0.0 c.c. 10.0 c.c. 45.8 x 1073 2.4 c.c. 12.4 cc. 57.7 x lu-* 
0.4 10.4 47.4 2.6 12.6 60.5 
0.8 10.8 49.0 3.0 13.0 66.9 
1.0 11,0 49.8 3.6 13.6 76.0 
1.6 11.6 52.5 4.0 14.0 83.0 
2.0 12.0 53.8 4.4 14.4 89.3 


Tasle VIII 


Vol. of FeSO, soln. =9 c.c. Alcohol=1 c.c. (Fig 3, curve 8). 


K,Fe(CN), =Total vol. Corr. conductance K,Fe (CN), Totalvol. Corr. conductance 
added. (mho). added. (mho). 
0.0 c.c. 10.0 c.c. 28.20x10-* * 2.4 c.c. 12.4 c.c, 44,3 x 10-5 
0.4 10.4 30.5 2.8 12.8 49.0 
0.8 10.8 33.0 3.2 13.2 54.8 
1.2 11.2 35.5 3.6 13.6 60.0 
1.6 11.6 37.7 4.0 14.0 65.0 
2.0 12.0 40.0 4.4 14.4 70.5 
TABLE IX 


Vol. of FeSO, soln=8c.c. Alcohol=2 cc. (Fig. 3, curve 9). 


K,Fe(CN), Total vol. Corr. conductance K,Fe(CN), Total vol. Corr. conductance 
added. (mho). added. (mho). 
0.0 c.c. 10.0 c.c. 18.0 x 10-* 2.2 c.c. 12.2 30.0 x 10-8 
0.2 10.2 19.0 2.6 12.6 36.5 
0.8 10.8 21.5 3.0 13.0 42.9 
1.2 11.2 23.5 3.2 13.2 46.0 
1.6 11.6 25.4 3.6 13.6 52.8 


2.0 12.0 27.2 4.0 14.0 


58.9 





































K,Fe(CN), 
added. 


0.0 c.c. 
0.4 
0.6 
1.0 
1.4 
1.8 


K,Fe(CN), 
added. 


0.0 c.c. 
0.2 
0.6 
1.0 
1.6 
18 


K,Fe(CN)¢ 
added. 


0.0 c.c. 
0.2 
0.4 
0.8 
1.6 
1.8 











Total vol. 


10.0 c.c. 
10.4 
10.6 
11.0 
11.4 
11.8 
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TABLE X 


Corr. conductance K,Fe(CN), 

(mho). added. 

58.5 x 10-8 2.0 c.c. 

59.7 2.2 

60.3 2.6 

618 2.8 

63.0 3.2 

64.0 4.0 

TABLE XI 


Vol. of FeSO, soln.=9 c.c. 


Total vol. 


10.0 c.c. 
10.2 
10.6 
11.0 
11.6 
11.8 
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Total vol. 


12.0 c.c. 
12.2 
12.6 
12.8 
13.2 
14.0 





K,Fe(CN).¢= 14/4. M/20-FeSO, soln.~10 c.c. Alcohol=nil. (Fig 4, curve 10). 


Corr. conductance 
(mho). 


67.0 x 10-3 
70.0 
75.2 
78.3 
84.0 
94.9 


Alcohol=1 c.c. (Fig 4, curve 11). 


Corr. conductance K,Fe(CN), 


(mho). added. 
41.3x 10-3 2.0 c.c. 
41.6 2.4 
42.0 2.6 
42.6 2.8 
43.3 3.4 
46.0 3.8 

TABLE XII 


Vol. of FeSO, soln.=8 c.c. 


Total vol. 


10.0 c.c. 
10.2 
10.4 
10.8 
11.6 
11.8 


Corr. conductance 


(mho). 
28.8 x 10-8 
29.2 
29.7 
30.6 
32.5 
35.0 





Total vol. 


12.0 c.c. 
12.4 
12.6 
12.8 
13.4 
13.8 


Corr. conductance 
(mho). 


55.0 x 10-° 
59.1 
62.9 
67.0 
78.9 
87.2 


Alcohol=2 c.c. (Fig 4, curve 12). 


added. 
2.2 c.c. 
2.4 
2.8 
3.2 
3.4 
3.8 


K,Fe(CN), 





Total vol. 


12.2 c.c. 
12.4 
12.8 
13.2 
13.4 
13.8 


Corr. conduct: 
(mho). 


40.5 x 10-% 
42.9 
48.5 
53.9 
56.5 
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DISCUSSION 


The possible reactions between ferrous sulphate and potassium ferrocyanide 
can be given as follows :— 


In the direct titration, when K,Fe (CN), is in the beaker and FeSO, is dropped 
from the burette, the reaction is represented by the following equations in two 
stages: 

1. K4Fe(CN)¢+FeSO,—> KeFe[Fe(CN),]+K,SO, 
2. KeFe[Fe(CN).¢] +FeSO,—> Feo[Fe(CN),]+KeSO,4 


In the reverse titration, when K,4Fe(CN), is dropped from the burette and 
FeSO, is taken in the beaker, following equations seem to represent the reaction : 


8 2FeSO, +K,Fe(CN),.—>Fee [Fe(CN).] +2KoSO,4 
4. Fes [Fe(CN).] + K,Fe(CN).¢—>2Ko2Fe [Fe(CN)e], 


Fic. 3 when excess of K4Fe(CN)¢ is 
added after the equivalence point 
reached as in (3). 


- Considering the strength of 
the solutions of FeSO, (2.5) 
7 and K,Fe(CN), (4/10), the the- 
oretical titre values required for 
10 c.c. of K,Fe(CN), for the for- 
mation of the compounds K2Fe- 
[Fe(CN),.] and Feo[Fe(CN).] 
in direct titrations would be 
2.50 c.c. and 5.0c.c. respectively of 
FeSO, solution. In the reverse 
titrations the theoretical titre 
values of M//2-KqFe(CN)<¢ against 
rs 10 cc, of Mu/(8-FeSO, will be 
‘ail 1.25 cc. and 2,50 c.c. of KgFe(CN). 
fe for the formation of Feg[Fe(CN)¢] 
SS ‘ and KoFe[Fe(CN).] respectively. 
Y 
a 






conductance *x10* (mho). 
2 
T 
\ 
\ 


Corr. 


DE 


Pl In the direct titration the 
change in ionic conductivity is 
due to the formation of one 
molecule of KeSO, from one 
" 2 ; 4 molecule of K4Fe(CN)., accord- 
Mj2-K,Fe(CN)¢ added in c.c. ing to equation (1) indicating the 
formation of K2Fe[Fe(CN).¢] (curves 1-6). Then the formation of Feg[Fe(CN)«] 
is indicated in the above curves by the change of ionic conductivity between one 
molecule of FeSO, and one molecule of K2SO,4 according to equation (2). 


‘¢ 
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In the reverse titration the total change in conductivity should, in the first 
stage, be proportional to the difference of the equivalent ionic mobilities of 
FeSOQ4 and K,SO,4. The difference between the ionic mobilities of 1/2 FeSO, and 
1/2 KgSO,4 is about 20. The slow rise in conductivity in the first stage (curves 
7-12) is in conformity with this small difference of ionic mobilities. Whereas 
theoretically there should be an indication of the compound Feg[Fe(CN).] in the 
reverse titration midway between 0 and the final equivalence point of the curves 
(7-12), it is interesting to note that no indication of the formation of this compound 
is obtained in the above curves. If we accept equations (3) and (4), mentioned above 
for the reverse titration, it seems that the change in ionic mobilities during 
the formation of K aFe[Fe(CN),] in (4) might be almost equal to that, as 
observed in the tormation of Feg[Fe(CN),] according to equation (3). The 
appearance of Feo[Fe(CN),] in the reverse titration curves is thus eclipsed, 
although there is ana frior possibility of its formation in spite of no indication in 
the curves. 


With a view to showing the discrepancy between the observed and the 
calculated titre values, a summary of observations in aqueous and alcoholic solutions 
is given in the following table. 


TaBLeE XIII 


Points of equivalence. 


Direct titrations: Curves 1-6. 


Aqueous solns. Alcoholic solutions. Formula 
FeSO,. K,Fe(CN)<. Calc. Observed. Calc. Observed. supported. 
M/2.5 M/10 2.50 c.c. 25ece. 23 ce. 2.10 c.c. in 10% alcohol K,Fe[Fe(CN)g] 
2.00 2.00 20 
5.0 4.85 45 4.40 10 Fe,[Fe(CN).] 
4.0 4.00 20 
M/4 M/20 2.0 1.85 18 1.70 10 K, Fe[Fe(CN)g] 
1.60 1.60 20 
4.0 3.90 3.60 3.55 10 Fe,[Fe(CN)g] 
3.20 3.20 20 


Reverse titrations: Curves 7-12. 


M/8 M/2 2.50 ¢.c. 223cc. 225 cc. 2.15 c.c. in 10% alcohol K.Fe[Fe(CN).] 
2.0 2.00 20 

M/20 M/4 2.0 1.80 1.80 1.70 10 K,Fe[Fe(CN)«] 
1.60 1.60 20 


From the above table it is clear that the points of equivalence in aqueous 
medium are slightly lower than the calculated values, both in the case of the direct 
and the reverse titrations. The effect. of addition of alcohol in increasing amounts 
results in the gradual increase in the observed titre values which closely approach 


W 
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the calculated ones in both cases. These observations support the fact that the 
Fic. 4 role of adsorption is 
predominant in the pre- 
cipitation of ferrous 
90 ferrocyanide. 


The effect of adsorp- 
tion of Fe’ and 
Fe(CN),”’ ions from the 
surrounding solution by 
the precipitated complex 
would be to decrease 
the titre values in 
aqueous medium, both 


70 
- in the case of the direct 
: and the reverse titra- 
2 tions. The titre values 
increase slightly in the 
2 60 presence of alcohol due 
~~ q 
3 to the decrease of 
> . sere 
3 adsorption of Fe(CN), 
§ sn 
S or Fe’ ions. Hence, a 
E59 closer approach to the 


calculated values is 
observed in the experi- 
mental results. In the 
direct titrations, con- 
ductivity curves (1-6) 
suggest the possibility 
of the formation of two 
compounds, K3Fe[Fe- 
(CN),] and Feg[Fe- 
(CN),]; the former, 
having been formed 
first, changes to the 
latter on the addition 
20 4 i + of excess of FeSOx,. 
’ In the reverse case, the 
M/4-K,Fe(CN)g¢ added in e.c. : . ‘ . 

titration is carried out 


in presence of excess of FeSO, but the intersection corresponding to 
Feo [Fe(CN),] is, however, not observed. 

The concentrations of the reacting solutions might, at best, affect the adsorption 
of ions of the reactants taken in the titration cell and by the addition of alcohol 
this effect is reduced to a minimum. 

CHEMICAL LABORATORIEs, Received August 28, 1951. 
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POTENTIOMETRIC DETERMINATION OF THE SOLUBILITY 
PRODUCT OF SILVER THIOCYANATE 


By. S. ADITYA AND B. PRASAD 


Ag/AglI electrodes are reversible with respect toCNS~ions The EF, has been found out at room 
temperature (29°-30°). From this the solubility product of silver thiocyanate has been calculated and 
found to be 14x10°'*. This electrode is also very suitable for the potentiometric estimation of 
thiocyanate in solution. 


The electrode Ag (crystal) | AgCNS(ppt.) | solution of thiocyanate (Pearce 
and Smith ( /. Amer. Chem. Soc., 1937, 59, 2063) cannot be used if the 
solution is acidic. So it was considered worthwhile to try to prepare electrodes 
which could be workable in acid solutions. With that end in view Ag/AgCNS 
electrode was prepared by depositing silver thiocyanate electrolytically on a spongy 
silver surface formed by the decomposition of silver oxide on a platinum spiral. 
This electrode was found to be useful so far as potentiometric titration of thiocyanate 
ions with silver ions was concerned (this Journal, next issue ). But this did not 
show reproducibility, ze. the electrodes, though they showed change in E. M. F. 
with the concentration of thiocyanate, did not read the same E.M.F. when compared 
amongst themselves. In spite of several attempts no improvement could be effected 
in the Ag/AgCNS electrode. So, other forms of electrodes were tried. It was 
considered that some halide electrode might act as a reversible third order electrode 
and serve as an indicator for the concentration of thiocyanate ions. The solubility’ 
product of silver iodide is 9.4x10~'* and that of silver thiocyanate, 1.57x10°!. So, 
when a silver/silver iodide electrode is dipped in ammonium thiocyanate solution, 
a small amount of iodide ion has to go into solution, because at equilibrium 


[I] = 5.95x 10~5[(CNS"] 
The electromotive force of the half cell Ag | AgI | NH14CNS solution will be 
given by the equation 


E = E.+R7/F log-dags Lo + RTF log, SM#°%S = Ky~ RTF logeacxs ° 
CNS ~ 


ExPERIMENTAL 


The silver/silver iodide electrodes were prepared by the method given by Owen 
(7. Amer. Chem. Soc., 1935, 57, 1526). The cells of the following type were studied. 


| Satd. KCl | Bridge | Ammonium 


| soln. || satd. KCI | thiocyanate soln. | Agl | Ag. 


Hg Hg.Cle 


They gave reproducible results. ‘The measurements were taken with Leeds & 
Northrup K-type potentiometer. Ammonium thiocyanate used was standardised 
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against silver nitrate using ferric alum as indicator. ‘he bridge and tue cells were 
of the type used by us previously. 


Now, Eovs. @ Eca. = Eons = FB cal. —{EKo— R7/F log Cens fens } 
=— Feat. - Fo+ RT/F log C-A JV C- Be 
or E ovs. tA VC-RI/F log C ={E ca. — Ent - Be. 


The following table gives the concentration of ammonium thiocyanate in g. moles 
per litre, the E. M. F. of the cells in volts at room temperature (29°-30"), as well as the 
calculated values of Hors +A /C-RTZ7/F log-C. Calomel half cell was positive in 
all cases. 


TABLE I 
Conc. E.M.F. RTIF loge C. A/O. Eos +4./C—RTIF loge C. 
0.10 N 0.08395 volt - 0.0600 0.00989 0.15354 
0.08 0.07840 —0.06580 0.008574 0.15277 
0.06 0.07154 —0.073314 0.007432 0.15224 
0.04 0.06160 — 0.083880 0.006067 0.15155 
0.02 0.04450 —0.00194 0.004290 0.15070 
0.01 0.02740 - 0.12000 0.003030 0.15040 


Plotting Hops+A/C —- R7/F log-C against C, Eca— Eo is obtained by linear 
extrapolation to zero concentration. ‘The value of cai — Fo, thus obtained, is 0.1501 


volts. 
Fic. 1 


0°1530 fe 


0°1520}— 


= 

a 
.—Volts 5 —> 
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This can be compared with the value, obtained from the solubility product of 
AgCNS and & for Ag/Ag*electrode, or conversely using EH, of the thiocyanate 
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electrode and Eo aglag’, the solubility product (thermodynamic) of silver thiccyanate 
can be found as shown below. 


Eovs. = Eear — Eo, or —0.15005 = -—0:2378 — Eo. 
Therefore EF. = —0.0878 volts. 
Now, Eo = Eo aglag® -RT7|F log. Sagens ; 


so substituting the values of Zo, Koag/ag*and R7/F (temp. 30°) in the above equation, 
we have, 
— 0.0878 = — 0.7922 —0.06 log; o-Sagens; or Sagens = 14x10°!*, 


Thus, the Sagcns at zero ionic strength or the thermodynamic solubility product 
of silver thiocyanate is found out. ‘his is seen to be of the order of older solubility 
product of silver thiocyanate (Landolt, Bornstein, Rooth and Scheele, “Physical 
Constants”). 


Several potentiometric titrations were tried with ‘this third order electrode 
for estimating the thiocyanate ions in solution, and in every case the results obtained 
were both reliable and concordant. Potentiometric titrations of mixtures of chloride 
and thiocyanate also give accurate results both for chloride and thiocyanate. The 
results are not given as they are similar to those obtained by Parida, Aditya and 
Prasad (to be published later) with silver/silver thiocyanate electrodes ; however, 
they are more accurate and reproducible. 


MayursHany Cuemicat LABoraTory, Received September 27, 1951. 
Ravensuaw Couiece, Currack, 
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STUDIES ON STANNIC OXIDE. NATURE OF STANNIC OXIDE 
NEGATIVE SOL 


By S. ADITYA 


Some properties of negative stannic oxide sol have been studied after the pu of the sol became 
Cuastant on keeping. The chloride ion has been estimated by potentiometric and conductometric 
methods with silver nitrate and silver sulphate solution There 1s a very small amount of chloride and 
it appears to be present in the adsorbed state. The effect of addition of neutral salts to the sol has been 
followed potentiometrically. The order of effectiveness of cations in decreasing the pu is Ba™)Ca™) Na")K" 


and that of the anions is Cl’)SO,”)oxalate. The potentiometric titrations have been followed with acids 
and bases. This shows that the order of adsorption is oxalic acid)sulphuric acid) hydrochloric acid. 


All the observations can be explained in the light of the postulate that the sol is mainly SnO, with some 
OH’ or SnO,” and some chloro complex of tin adsorbed on it. 


The nature of hydrated «- and f- forms of stannic oxide, which was in the past 
believed to be different compounds, has been settled as a result of the efforts of 
various workers in the field (vide Aditya and Ghosh, this Joufmal, 1952, 29, 92, 
123). Besides the existence of hydrated stannic oxide in «- and A- forms, stannic oxide 
sols, both positive and negative, have been long known. In the present paper some 
fresh results have been recorded, throwing some light on the nature of the negative 
stannic oxide sol. 


ExPERIMENTAL 


Stannic chloride was treated with pure ammonium hydroxide to get the 
precipitate of hydrated stannic oxide. The precipitate was filtered in a Buchner 
funnel, washed several times with distilled water to free it of chloride ions. The 
precipitate was then transferred to a Jena bottle, water was added and thena 
few drops of ammonium hydroxide. This was shaken for several days till the 
particles got peptised (Zsigmondy, Annalen, 1898, 301, 361). The sol was purified 
by electro-dialysis. The contents were taken out into a Jena bottle and again 
shaken. This was left for a few days and then syphoned to another bottle. This 
was repeated three or four times when it gave a stable sol. Any ammonia that 
might be there was driven out by bubbling air (washed by passing through distilled 
water) by means of a suction pump. The /u of the sol was measured and found 
to be 6.80. The /u was followed every 3 to 4 days. It changed in the beginning 
but after about a month it became constant at Ju 6.40. At this stage it was used 
for study. 


The sol content was determined by evaporating to dryness a definite amount 
of the colloidal solution in a silica crucible. It was found to be 0.775%. 
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The ultra-filtrate was taken and chloride ion was tested for. There was no 
indication of the presence of chloride ions. The fai was measured by Ag/AgCl 
electrode and was found to be 4.60 showing almost total absence of chloride ions. 
The presence of ammonia was tested for by Nessler’s reagent, with negative indica- 
tion. The specific conductance of the sol was 5.6105 mhos. 


Fig. 1 shows the conductometric titration with silver nitrate (V/100 solution)and 
Fig. 2 gives the curves for the potentiometric estimation of chloride ion (in the 
colloidal sol and also in the leached solution) with AgNOs and Ag,SQOx, solution. 
The curve for conductivity titration shows two breaks. The first break is ata 
concentration of 1.3x10°‘ g. equiv. per litre and the second at 3.4x10~‘ g. equiv. 
per litre. The curves obtained potentiometrically are of the same type and give a 
concentration of chloride ions as 3.0X10°* g. equiv. per litre. The curve for the 
leached out solution also has a break at the same point. The concentrations of the 
chloride ion by silver nitrate and silver sulphate are the same in the colloidal sol 
as well as in the leached solution. Further, the fa change has been measured on 
addition of different amounts of sodium sulphate and sodium oxalate solutions. 
The change in the fc is negligible. All these measurements show that in the 
case of stannic oxide sol there is no chloride ion bound to the micelli that might be 
liberated as a result of the ion exchange. Of the two breaks in the conductometric 
titration curve, the first might be due to the coagulation of the sol and the second 
indicating the total chloride ion. 


Titration with Neutral Salts —The Fig. 3 gives the curves for the variation of 
fu on titrating the sol with neutral salts. The fa in each case has been determined 
by hydrogen electrode, the titration being followed up in the type of vessel (/ndian /. 
Agric. Sct., 1936, 6, 519). The curves are all of the same same type. The fu goes 
on decreasing in all cases. Different cations show different capacity of liberating 
hydrogen ions. The order for various cations is Ba“) Ca”) Na‘) K*. The same order is 
found in the case of hydrated stannic oxide (Ghosh, 7. Chem. Soc., 1928, 3027). The 
effect of various anions on the liberation of hydrogen ion by neutral salts can be seen 
from the graph. It is found that the a decreases more rapidly in the presence of 
chloride ion than in the case of sulphate ion, than in the case of oxalate ions. The 
order of adsorption of the anions is oxalate) sulphate) chloride ions. The Figs. 2 
and 3 show the titration curves of stannic oxide sol with alkalies and acids respective- 
ly. The variation of fu with different acids goes to indicate that the adsorption of 
acids by the sol follows the order: oxalic acid) sulphuric acid) hydrochloric acid. 
The adsorption of acids by hydrated stannic oxide gel also follows the same order ; 
the naure of the curves shows that the adsorption of hydrogen ions is more in the 
beginning, then it slowly falls till the saturation value is reached. An almost similar 
observation has been made by Datta (this /ournal, 1942, 19, 168). Here although 
the fu does not remain constant, the fall in fu is less than for ordinary adsorption, 
the slope being less in the beginning showing a greater adsorption of hydrogen ions 
though not so markedly great as in the case of aluminium hydroxide sol. 
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The titration curves with sodium hydroxide and barium hydroxide show similar 
behaviour. The rise in fu is slower in the beginning in the case of Ba(OH)o than 
in the case of NaOH. The liberation of hydrogen ion by Ba™ ion is more than 
that by Na’ ion. Accordingly the increase in fu is far less in the beginning in the 
case of baryta than in the case of sodium hydroxide. 
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All these observations indicate that the stannic oxide sol also must have a 
structure very similar to that of the hydrated stannic oxide gel. Weiser and 
Milligan (J. Phys. Chem., 1936, 40, 1095) reported that the X-ray pattern of stannic 
oxide sol resembles that of anhydrous stannic oxide or cassiterite. Hydrated stannic 
oxide gel also has a similar pattern although it is negatively charged in contact with 
water. It is quite expected that the negative charge of the sol is attributed to 
the preferential adsorption of SnO,”” (Klooster, zdid., 1936, 40, 591). This is 

a 


12 





300 S. ADITYA 


essentially the same as the preferential adsorption of OH’ ion. So far as the 
chloride ion is concerned the total may be present in the form of 


Cl OH 
be a os 
Sn 
- ~*~ 
HO OH 


Here there is no inter-micellary chloride ion. Of the micellary chloride ion, 
most of them are free as there is no change in chloride-ion concentration when 
sodium sulphate or sodium oxalate is added. On the whole, the sol is mainly stannic 
oxide associated with some water, preferentially adsorbed OH’or SnO,”” ions and 
some basic stannic chloride, also adsorbed on the surface. With this postulated: 
structure all the observations can be suitably explained. 

The author is indebted to Dr. B. N. Ghosh, Reader in Physical Chemistry. 
University College of Science & Technology, Calcutta, for helpful suggestions 
and to Prof. B. Prasad, Head of the Department of Chemistry, Ravenshaw College, 
Cuttak, for his kind interest in the work. 
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Substance 


Naphthyl- 
amine 


o-Nitro- 
phenol 


' p-Cresol 





Menthol 


p-Toludine 
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APPLICATION OF MIXTURE LAW TO PARACHOR WHEN SAME 
SUBSTANCE IS DISSOLVED AS A SOLID AND AS A LIQUID 


By S. G. KHANDEKAR AND W. V. BHAGWAT 


Solvent. 


Benzene 
Methyl acetate 
Ethyl alcohol 


Acetone 


Chloroform 
Methyl acetate 
Ethyl alcohol 
Acetone 


Benzene 


Benzene 
Methyl acetate 
Acetone 


Ethyl alcohol 


Benzene 
Acetone 


Dioxane 


Benzene 


Acetone 


Carbon tetrachloride 


Chloroform 


Ethyl alcohol 





Px. 
below m.p. above m.p. 
334.2 342.3 
331.1 331.1 
332.2 339.5 
331.0 339.3 
262.7 272.9 
259.6 272.6 
262.2 272.7 
262.2 273.5 
262.1 272.9 
261.8 255.9 
260.3 256.3 
256.1 255.1 
253.4 255.2 
436.9 435.0 
432.8 426.9 
429.2 427.8 
268.6 257.4 
260.5 274.7 
262.5 273.5 
261.5 274.2 






In a previous communication (this Journal, 1952, 29, 37) the results of 
application of mixture law to parachor of certain substances in dissolved state, both 
as a solid and as a liquid, were discussed. The work is extended in this paper. The 
results are summarised below. 


Range of x. 


0 0576 - 0.3379 


0.0568 — 0.3373 


0.1841 - 0.4932 


0.0745—0.1730 


0.1971 - 0.4819 
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Px. 
| 
Substance. Solvent. below m. p. above m. p. Range of 2. 
Phenol Acetone 218.1 225.3 0.2629 - 0.4582 
Benzene 218.2 224.7 
Ethyl alcohol 216.4 223.7 
Methyl acetate 216.8 225.6 


Parachors of naphthylamine, o-nitrophenol, /-cresol, menthol, /-toluidine and 
phenol in fused state are : 341.6 (Bhatnagar and Singh), 274.7 (Sidgwick and Baylers), 
266.1, 416.1 (Deshpande and Bhagwat), 272.1 (Mumford and Phillip), 220.5 (Bhatnagar 
and Singh) respectively. It is ovserved in all cases that the parachor values below 
the m. p. are much smaller than the values in the pure liquid state. Above the m. p. 
the values more or less agree except for #-cresol. The parachor of o-nitrophenol 
in pure liquid state is much smaller than the calculated value. This may be due to 
resonance. In general, therefore, we may conclude that the mixture law holds for 
purely liquid-liquid mixtures. 


CrEMISTRY DEPARTMENT, 
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APPLICATION OF MIXTURE LAW TO RHEOCHOR OF 
TERNARY MIXTURES 


By M. V. SuBNIS AND W. V. BHAGWAT 


cases. The results are as follows. 





TABLE I 


Rheochor of toluene. 


(a) Toluene-methyl alcohol-benzene system. 


Temp. x. y. 1-2-y. Mm. Dm. 1x 10°. Rm. 
35° 0.1467 0.1506 0.7025 73.10 0.8618 5.10 104.0 
45° 0.3016 0.1141 0.5843 77.98 0.8502 4.42 109.1 
a 0.4996 0.4416 0.0588 64.67 0.8292 430 93.54 

(b) Toluene-ethyl a!cohol-benzene system. 
- 0.0905 0.2524 0.6572 71.20 0.8549 5.60 103.3 
45° 0.2209 0.5750 0.1998 62.55 0.8260 5.44 93.59 
55° 0.7114 0.1489 0.1359 83.24 0.8371 4.31 119.1 
(c) Toluene-benzene-carbon tetrachloride system. 
35° 0.1305 0.6573 0.2121 95.97 1.0220 - 117.3 
45° 0.4673 0.2059 0.3269 109.4 1.0770 = 125.8 
55° 0.7929 0.1385 0.0688 94.34 0.8976 -- 127.8 
TABLE IT 


Rheochor of methyl alcohol. 


(a) Methyl alcohol-benzene-toluene system. 


35° 0.1141 0.5843 0.3016 76.98 0.8602 5.04 109.5 

45° (0.4416 0.0588 0.4996 64.67 0.8351 4.62 93.78 

55° 0.7563 0.0514 0.1923 45.88 0.8048 4.31 68.42 
(b) Methyl alcohol-ethyl alcohol-benzene system. 

So 0.1840 0.1933 0.6227 63.55 0.8507 5.60 92.66 


45° 0.4771 0 2856 0.2372 46.90 0 8109 4.97 70.63 
0.7656 0.1782 0.0560 37.07 











In this paper the work done in a previous communication (this Journal, 1951, 
28, 275) has been extended. Only the mean results are tabulated although the results 
have been investigated over the entire range of concentration, from zero molar 
fraction to molar fraction equal to unity. The law is found to be applicable in all 
































Rx. 
127.3 
129.6 
130.4 


126.6 
129.8 
130.5 


132.3 
130.7 
130.8 


44.71 
49.42 
49.72 


49.29 
48,91 
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(c) Methyl alcohol-ethyl alcohol-acetone system. 


Temp. #. y. l-a-y. Mm. Dm. 1x 10° Rm. Rx. 
35° 0.0905 0.2252 0.6842 52.94 0.7906 4.54 80.35 49,95 
45° 0 5048 0.2541 0.2413 41.83 0.7874 4.82 64. 68 49.48 
7 0.8395 0.0834 0.0771 35.16 0.7784 4.29 54.18 49.30 

TABLE III 


Rheochor of acetone. 


Acetone-ethyl alcohol-methyl alcohol system. 





35° 0.0771 0.0834 0.8395 35.16 0.7916 5.25 54.92 84.92 

45° 0.2328 0.6386 0.1289 47.01 0.7921 5.35 73.19 86.0 

55° 0.6842 0.2252 0.0905 52.94 0.7820 3.78 79,96 86.23 
TABLE V 


Rheochor of carban tetrachloride. 


Carbon tetrachloride-bengene-toluene system. 


35° 0.0688 0,1385 0.7929 94.34 0.9046 5.64 128.6 130.3 
45° 0.2121 0.6573 0.1305 95.97 1.0120 5.28 116.7 129.0 
55° 0.3269 0.2059 0.4663 109.4 1.0709 5.33 125.6 127.8 


The experimental values for the rheochor of toluene, methyl alcohol and 
and acetone are 131.5, 49°95 and 86.5 respectively. The value for carbon tetrachloride 
is 49.95. The mixture law therefore seems to be applicable in all cases, although 
the solvents studied are both associated and non-associated. 
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STRUCTURE OF SO," ION FROM THE CONSIDERATION OF PARACHOR 


By. W.V. BuHaGwat AND R. P. SHUKLA 





Ephraim ( “Inorganic Chemistry ”, 1948, p. 586) states that simple electronic 
structure of SO,” ion is insufficient to account for the observed inter-atomic 
distance in the sulphate ion which is smaller than that required for a single co-valent 
bond. Pauling ( “Nature of Chemical Bond”, 1945, p. 241 ) suggests several double 
bonded structures for SO,” ion in addition to the simple electronic structure and is 
of the opinion that the observed shortening of the bond is due to resonance 
between these various possibilities. Fajans ( Amer. Min., 1947, 32, 97) offered an 
alternative explanation that the shortening of the bond distance is due to ionic 
distortion consequent to polarization. 


We have tried to decide between these two alternatives from the parachor 
result. Two resonance structures in addition to simple electronic structure (I) may 
be considered. 


~ji> O = O = 

| O ~s | | | | 

| »s O-—S=O! and | O=S=O 

O “5a + | 

| ne ee a 
(1D (II) (III) 


| The observed and calculated parachors for sulphuric acid and sulphates on the 
above basis are given below. The observed values are taken from the list of 
parachor by Sidgwick (1932). . 


Substance. Pobs. Peale. (1) Peale. (II) Peale. III.) 
Sulphuric acid 144.8 159.2 180.8 202.4 
Dimethyl] sulphate 238.9 237.2 258.8 280.4 
Diethyl sulphate 313.8 315.2 336.8 358.4 
Dimethylaniline 469.9 474.0 495.6 517.2 

1 bisulphate 


The observed results in case of sulphuric acid are low compared to Praic. (1). 
This is due to ionisation. The lowering of parachor due to ionisation is a well 
known phenomenon ( Bhagwat e¢ ai, this Journal, 1951, 28, 47). However, in all 
cases the parachor results support the structure (I) and not the double bonded 
structure of SO," ion. 
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THE DECOMPOSITION OF NITRIC OXIDE IN THE SILENT 
ELECTRIC DISCHARGE. PART I 


By K. S. VISVANATHAN 


The decomposition of nitric oxide in an ozoniser discharge has been studied at 5kV 'r.m.s.) of 


frequency 100 cycles per second, in the pressure range 2-35 cm. The progress of decomposition ha: 


© been followed by observing the time variation of the pressure and discharge current which show 
Results are given for the time-to-time analysis of the decomposition mixture. 


synchronous behaviour. 
Both the pressure 


NO, is formed as an intermediate product, whiie Ny and O, are the final products 
and the discharge current diminish in the first stage of the decomposition during which NO, accumulates 
The second stage is reached when NO, is maximum in the system, at which point the 


in the system. 
In the third stage NO, decomposes and 


pressure and also the current attain their maximuin values. 
there is a corresponding rise in the pressure which finally attains the initial value; the current, though 
it also rises, does not touch the initial value again, for which an explanation based on Joshi's views is 
A mechanism for the decomposition of NO in the silent electric discharge is also suggested. 


ee eee ne 


* 


© given. 
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The decomposition of nitric oxide has been the subject of extensive investigation 
by numerous workers. Berthelot (Compt. rend., 1874, 77, 1448) found that the gas, 
when heated in a sealed tube at 520°, began to decompose and that in half an hour 
about one fourth of the gas was decomposed into N,, N20, N20; and N.O;. Jellinek 


Aare 


(Z. anorg. Chem., 1906, 49, 229), Emich ‘Monatsh, 1893, 138, 615), Briner and co-workers 
‘Compt. rend., 1909, 149, 1372, 1518; 1913, 156, 228) have studied the thermal de- 
Hinshelwood and 


composition of NO over various pressure and temperature ranges. 
Green (J. Chem. Soc., 1926, 1709) have investigated the catalytic decomposition of NO 
at the surface of a platnium wire at temperatures from$882° to 1450° and found the 
reaction to be unimolecular, while it was bimolecular in the gas phase. These findings 
were confirmed by Bachman and Taylor (J. Phys. Chem., 1929, 33, 447) who carried 
out the decomposition over platinuin-rhodium wire at 1035°, 1210° and 1385°. 

Mund and Gillerot (Bull. soc. chim. Belg., 1929, 38, 343) studied the decom- 
position of NO by #-rays and reported NO, and N,O,; with excess of NO among the 
reaction products. The photochemical decomposition of NO has been studied by a 
number of workers. MacDonald ‘J. Chem. Soc., 1928, 1) as part of his study of the 
decomposition of N,O, investigated that of NO due to light of wave-lengths 1860-19904 
from Al spark and reported a quantum yield of 0.75, the suggested mechanism being 
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2NO = N,+0,; 
3NO = N,O+N0O,. 


Using radiations from Hg arc or from spark between electrons of Al, Zu, Cd, Ni, 

Cu or Sn, Flory and Johnston (J. Amer. Chem. Soc., 1935, 57, 2641) obtained N, and 0, 

as the final products of the decomposition of NO. They doubt MacDonald's observation 

of N,O to the extent of 10% in the reaction products, since even according to him, N.O 
-is photochemically decomposed ten times faster than NO. 
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A feview of the literature shows that most of the workers have addressed themselves 
to the task of synthesisigg the oxides of nitrogen by subjecting mixtures of N, and 
©, to the silent, spark or arc discharge, and tried to elucidate the mechanism of the 
synthesis. Comparatively little work has been done on the converse problem, viz., the 
decomposition of the oxides of nitrogen, especially NO, in the electric discharge. What 
little work has been done shows no agreement among the various workers as regards 
the products of the decomposition or its mechanism. Berthelot (Compt. rend., 1906, 
142, 1367) found that NO was decomposed in the silent electric discharge into N,, ©, 
and N.O accompanied by the spontaneous combination of NO with O,to form NO,, 
which was fixed by mercury. Zenghélis and Evangélides (Compt. rend., 1934, 199, 
1418) have reported that NO in the silent electric discharge is decomposed into N, 
{partly as active N) and 0, (partly asO,) as well as into NO,. As a second phase, 
oxidation occurs to NO, and N,.O,; in the third stage of the reaction, these combinc 
with NO and NO, to form N,0O;. 

In view of the divergence in the reaction products obtained by different workers 
and the absence of any quantitative data for the decomposition on the gas in the silent 
electric discharge involving a knowledge of the various electrical factors such as the 
potential applied to and the current flowing through the reaction vessel, the present 
work was undertaken. I‘urther, Elliott, Joshi and Lunt (Trans. Faraday Soc., 1927, 23, 
57) have proposed a theory based on the concept of ‘critical activation’ for the velocity 
of chemical reactions in the electrical discharge. They obtain an expression relating 
the velocity of such chemical reactions to the gas pressure and to the electrical factors 
which determine the discharge. As far as the various electrical factors measured 
permitted, an attempt has been made in the present investigation to test the applicability 
of their equation to the decomposition of NO in the silent electric discharge. 


EXPERIMENTAL 


Preparation and Storage of NO.—The gas was prepared by the method of Noyes 
(J. Amer. Chem, Soc., 1925, 47, 2170). A quantity of sodium nitrite was taken in the 
distilling flask A and covered with two or three times its amount of water. Concentra- 
ted H,SO, was added from a separating funnel dropwise when pure NO was generated 
rapidly, according to the equation 


3HNO, = HNO, +H,0+2NO. 


The gas was led into tubes B containing powdered NaOH, fused CaCl, and P.O; 
over which it was allowed to stand for over 24 hours in order to free the gas from traces 
of impurities such as NO,, acid fumes and moisture. ‘The dried gas was then frozen 
in a liquid air trap C, and any uncondensed portion of the gas pumped out by means of 
the Tépler. It was finally stored in the gas-holder D. ‘I'he purity of the gas, ascer- 
tained by its absorption by acidified FeSO,, was found to be never less than 99.9%. 
Reaction Vessel.—The reaction vessel consisted of an all-glass Siemens’ ozoniser in 
the annular space of which the gas was taken at the required pressure and exposed to the 
discharge. A glass jacket surrounded the outer tube and was filled with an electrolyte. 
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with which the inner tube also was filled. The inner tube constituted the high tension 
electrode, while the outer one was earthed through a milliammeter which served to measure 
the current flowing through the reaction vessel. Another giass jacket surrounded the 
outer electrode and through this the water was circulated while the reaction was in pro- 
gress. ‘This served to keep the temperature of the system constant. The ozoniser 


used had the following dimensions : 


Outer diameter of the outer tube = 3.2 cm. 


Outer - immer ,, = 2.5cm. 
Inner * - » = 2.2 cm. 
Thickness of the wall = 0.15 em, 
Mean length of the ozoniser = 64.5 cm. 
Width of the annular space = 0.2 cm. 
Volume of - - = 148.5 c.c. 


Electrical connections.—Single phase alternating current of frequency 100 cycles 
per second obtained from a rotary converter was stepped up to 5 kV (r.m.s.) by means of 
atransformer. ‘The potential was kept constant by regulating some resistances included 
in the primary circuit of the transformer. One terminal of the transformer was earthed 
while the other was connected to the inner electrode of the ozoniser. 

Fig. 1 gives the diagram of the apparatus and electrical connections. The ozoniser 
was connected to the gas holder D on the one hand and on the other, to a mercury mano- 
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meter M and to a train of tubes containing powdered NaOH through a three-way 
stop-cock. ‘The other end of the NaOH tube as well as the other limb of the manometer 
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pumped out and collected over mercury. 

calibrated gas burette and Hempel's pipette, using acidified FeSO, for NO, and alkaline 

pyrogallol for O, as absorption agents, the unabsorbed portion giving N, by difference. 
Variation of Pressure and Discharge Current during Decomposition.—Iin this series 
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Pressure of decomposition mixture. 
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cated in Figs. 2-3. 
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was connected by means of another three-way tap to the Topler pump. The dead 
space, i. e., the volume of the gas not exposed to the discharge, was reduced to a 
minimum by using capillary tube between the reaction vessel and the manometer. 
Analysis of the Reaction Products.—The gases in the reaction vessel, on comple- 
tion of an exposure, were allowed to stand over NaOH contained in tubes E for absorp 
tion of the higher oxides of nitrogen such as NO,, N.O;, etc. The rest of the gases, 
viz., a mixture of nitrogen and oxygen, or of nitrogen and undecomposed NO was 
The gases were estimated by means of a 


of experiments, NO was ad 
mitted into the ozoniser at 
various initial pressures in the 
range 2-55 cm. Hg and expos- 
ed to a constant applied po- 
tential of 5 kV (r. m. 8.). 
The course of the decomposi- 
tion was followed by noting 
the time-variation of the pres- 
sure of the reaction mixture 
adjusted toa constant volume, 
as well as the discharge curr- 
ent, from the instant of the 
application of the potential to 
the reaction vessel. The dis- 
charge was stopped when the 
reaction mixture showed no 
further change in the pressure 
or current. It was then led 
into NaOH tubes for the ab- 
sorption of the higher oxides 
of nitrogen that might have 
been formed in the discharge, 
after which the unabsorbed 
fraction was pumped out by 
iwneans of the Topler and ana- 
lysed for nitrogen and oxygen. 
Some typical results are indi- 
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DISCUSSION 


The essential feature brought out by the curves is that right from the instant of 
application of the potential, the pressure of the gas starts decreasing, reaches a well 
defined minimuin and then rises continuously till it reaches the initial value, after which 
there is no further change in the pressure, however long the discharge be continued. 
Analysis of the decomposition preducts in each case gave equal volumes of N, and Oj. 
The absence of any further change in the pressure after the attainment of the final value, 
coupled with the fact that N, and O, are obtained in equal volumes and that their com- 
bined volume is found by calculation to be equal to the initial volume of NO taken, 
leads to the conclusion that in the silent electric discharge no equilibrium is established 
between NO and its decomposition products as in the case of thermal or photochemical 
reactions, but that the gas is completely decomposed into N, and ©, according to the 
equation, 


2NO = N,+Osz. 


In Table I are summarised some data pertaining to the decomposition of NO at the 
various initial pressures studied. 


Tasie I (ef. Fig. 4) 


Decomposition of NO in the silent electric discharge. 
Applied potential=5 kVir.m.s.). 


Initial pres- Minimum Time of Fractional Initial pre- Minimum Time of Fractional 
sure of NO. pressure complete fall of ssure of pressure complete fall of 
reached. decomp. pressure. NO. reached decomp. pressure. 
2.0 cm 1.85 cm. 2.0 mins. 0.075 4-7 cm 4.2c¢m 9.0 mins. 0.106 
4.0 3.8 6.5 0.050 11.4 9.4 18.0 0175 
7.0 6.3 12.5 0.100 15.0 12.2 29.0 0.187 
10.7 9-06 22.0 0.153 19.3 14-7 46.0 0.238 
14.1 11.4 36.0 0.191 23.0 16.2 65.0 0.296 
16.6 13.3 36.0 0.199 28.1 19.6 107.0 © 302 
177 13.9 41.5 0.215 35-0 22.8 194.0 0.349 
18.9 14.8 49.0 0.217 
20.3 15.25 59-0 0.241 
25.1 18.2 135.0 0.275 
31.5 22.8 188.0 0.276 


It is seen from the above table and Fig. 4 that the time of complete decomposition 
of the gas increases more or less linearly with the imitial pressure for low values of the 
latter, while at higher pressures the variation is more than linear. The left side of the 
pressure-time curves is seen to be steeper than the right side; this difference in the gradi- 
ents becomes pronounced as the initial pressure is increased. 

It forms an interesting study to compare the time-variation of the discharge current 
with that of the gas pressure. The current is seen to change synchronously with the 
pressure in the same sense and the current-time curves reproduce faithfully the various 
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of the gas is complete. 

In the thermal, photochemical, as 
also the electrical decompostion of the gas, 
the ‘formation of' various intermediate 
products such as N,O;, NO, N2O; and 
©, has been reported. With a view to 
testing the presence of any of the above 
gases, NO wastaken at two (constant) 
initial pressures, viz., 6.7 and 10.0 cm. 
and exposed to’5 kV for varying periods. 
Analysis of the decomposition products 
by shaking the pumped out gases with 
turpentine in a Hempel’s pipette indi- 
cated that no N.O was formed at any 


stage of the decomposition. 
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It would also appear from the following considerations that no N.0; or QO; can be 
formed during the reaction. The thermal decomposition of N,O; is one of the most 
thoroughly studied reactions, and the present accepted mechanism for its decomposition 
seems to consist of two steps, the first according to Bodenstein (7. physikal. Chem., 
1923, 105, 51) being 

N,0,;=NO+NO,. +03; 
and the second step, according to Busse and Daniels (J. Amer. Chem. Soc., 1927, 49, 
1257) being 
NO+N,0;=3NOsz. 


Since the gas mixture in the ozoniser contains enough of NO, at least up to the stage of 
minimum pressure, it is reasonable to conclude that no N,Q; can be stable in the dis- 
charge, and even if formed, will b2 immediately converted into NO,. If O, were to be 
formed, it is more likely to be produced at the later stages when the gaseous mixture 
consists mostly of N, and 0,. In such a case the final pressure of the system should be 
found to be less than the initial value. But in all cases, the two pressures were found 
to be absolutely equal indicating the absence of any formation of Q,. 

It would appear that the following simple mechanism for the decomposition of NO 
in the silent electric discharge can account for the various observed features: 


Ifa). 2NO=N,+0, 
I(b). 2NO+0,=2NO, 
II. 2NO.=N2+ 20, 


Reaction I(b) is known to be instantaneous at ordinary temperatures and pressures. 
Hence, in the earlier stages of the decomposition, NO, will accumulate in the reaction 
vessel producing a continuous fall in the pressure of the system. The point of minimum 
pressure will thus indicate the stage when there is maximum accumulation of NO, in 
the system. While the left side of the pressure-time curve therefore primarily indicates 
the decomposition of NO, the right side represents that of NO,. It was seen during an 
exposure that the glow in the ozoniser, which was initially greenish yellow due io NO, 
assumed progressively a more and more dark brown tinge as the pressure decreased 
continuously; it was almost invisible when the concentration of NO, was very high. 
Increase of pressure in the later stage was accompanied by a gradual paling of the dark 
brown tint and the appearance of the bright pink glow of nitrogen. The fact that the 
left side of the curve is steeper than the right side leads to the conclusion that NO decom- 
poses faster than NO, in the discharge. It was noticed that NO at an initial pressure 
of about 4o cm. showed decomposition till the point of minimum pressure was reached; 
beyond this the pressure remained constant despite the continuance of the discharge for 
quite a few hours. The NO, formed could not be decomposed under the electrical 
conditions of the experiment. 

It would appear that reactions (I) and (II) are not entirely consecutive but overlap each 
other to some extent. If (II) were to start only after the completion of (I), the minimum 
pressure reached would be 3/4 of the initial pressure, and hence, the fractional fall of 
pressure, 1/4. Figures for the fractional fall of pressure quoted in Table 1 range 
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from 0.075 to 0.349. ‘This means that up to acertain limiting pressure, both NO and 
NO, decompose in the discharge. At higher pressures, the decomposition of NO, is 
arrested and a part of the NO, polymerises to N.O,, thus giving for the fractional fall of 
pressure a value greater than 0.25. 

The validity of the above conclusions becomes clear on the basis of the threshold 
potential V,, for a gas, developed by Joshi (Trans. Faraday Soc., 1929, 28, 127, 140). 
According to Joshi (i) every gas, both compound and elementary, has a charactecistic 
minimum potential, V,, near which the gas breaks down as a dielectric and which has to 
be exceeded in order to initiate a reaction in the gas; (ii) that i, the discharge current 
is a function-of ‘V—V,,) where V is the applied potential; and ‘iii) the production of an 
intermediate or/and final product with an eleciron affinity greater than the antecedent 
material should lead to an increase in V,, and hence, a decrease of the corresponding 
current flowing through the system and vice versa (Joshi, Curr. Sci., 1939, 8, 548; 10944, 
13, 253; Nature, 1944, 154, 147). The magnitude of V,, is found to depend, among 
other things, upon the pressure and nature of the gas. 

According to the theory advanced by Elliott, Joshi and Lunt (Trans. Faraday Soc., 
1927, 28, 57) for the velocity of chemical reactions in the electrical discharge, the elec- 
tronic velocity is the principal determinant of the rate of the reaction. ‘The electronic 
velocity being determined by the effective applied potential V—Vm, the formation of 
the electronegative gas such as NO, during the reaction should lead to a decrease in the 
discharge current with the consequent diminution in the velocity of the reaction. It is 
actually seen from the current-time curves (I‘igs. 2 and 3) that the discharge current 
shows a progressive fall during the time that NO, is accumulating in the system. The 
decrease in the amount of NO, owing to its decomposition is accompanied by an wicrease 
of the current; but since ©, one of the final products of decomposition, has an electron 
affinity larger than that of NO, the final current flowing through the system now con- 
sisting of only N, and O, is seen to be less than the initial value. 


For low pressure of NO, V» for NO will not be far removed-from that for NOs. so 
that their rates of decomposition in the discharge may be comparable. In such a case the 
fractional fall of pressure of the gas will be less than 1;4. On the other hand, as the 
pressure of the gas increases, V» for NOU, rapidly exceeds that for NO so that its simul- 
taneous decomposition becomes less and less a possibility. Where the fractional fall 
of pressure exceeds 1/4, partial polymerisation of NO, into N,O, appears to be the cause. 


Composition of Reaction Mixture at Different Stages during the Decomposition of NO 


‘The mechanism of the decomposition of NO in the silent electric discharge, proposed 
above, as a result of the study of the pressure and current variations was sought to be ve- 
rified by atime to time analysis of the reaction mixture. Hence, NO was taken at a 
constant initial pressure of 10.0 cm. and exposed to an applied potential of kV for various 
time intervals ranging from 1/2 minute to 22 minutes, the latter being the time of com- 
plete decomposition of the gas. At the end of each exposure, the gas was allowed to 
stand for ten minutes when the pressure of the gas mixture was taken, after which it was 
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allowed to stand over NaOH for about half an hour. The unabsorbed fraction was then 
pumped out and analysed for N,, O, and undecomposed NO. 
TasLe II 
Composition of the reaction mixture for various time of exposure. 


Initial pressure of NO = 10.0cm. Applied potential = 5 kV. 





Time of Pressure of Fall of Volume percentage of 
exposure. reaction. pressure. eee Ng formed. Og formed. NOs formed. 
15 min. 97cm 0.3 cm. - 5.8 _— = 
I 9.3 0.7 65.8 g.1 Nil 16.8 
1.5 9.2 0.8 62.2 10.1 a 18.5 
3 8.4 1.6 34.8 16.6 = 32.3 
5 7-7 2.3 22.7 23.6 ms 36.0 
7 7.8 2.2 9.1 24.6 - 44.3 
8 7.6 2.4 2.9 29.0 i 45-7 
10 8.0 2.0 Nil 29.5 7.3 423 
125 8.8 1.2 99 38.9 21.6 26.5 
15 99 ee ” 39-5 24.1 24.4 
18 9-7 0-3 » 47-2 395 9.0 
20 9.9 0.1 ne 49.2 45-3 3.8 
22 10.0 Nil - 50.0 50.0 o 
Fic. 5 Th — 
e volume of the initial NO corr- 
70 4 . ‘ ; esponding to the initial pressure of 10.0 


cm. in the ozoniser at the temperature 
of the experiment was calculated for 


60 — = 
N.T.P. The volumes of N,, O, and 
= unchanged NO were also reduced to 
50} | 0° No | N.T.P. and expressed as percentages of 


° ot ws the volume of initial NO. The volume 
of NO, formed was arrived at from its 
calculated mass and expressed as per- 
centage of the volume of initial NO. 
The results are recorded in Table II and 
repersented graphically in Fig. 5. 

It was argued from the nature of 
the pressure-time curves that the initial 
fall of pressure should be attributed 
mainly to the decomposition of NO into 
N, and NO, and the subsequent rise to 
that of NO, into N, and O,, and that 
15 20 26 the minimum point should represent the 
presence of maximum amount of NO, in 


Vol. %of reaction products. 














oO 5 10 


Time in mins. 
the system. The results of analysis of the reaction mixture recorded in Table II ‘cf. 
Fig. 5) bear out ‘fully the above conclusions. It is seen that the percentage of NO 
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decomposed increases rapidly with time and that within 8 to 9 minutes, the whole of the 
initial NO is decomposed. Up to this stage the reaction mixture contains unchanged 
NO, N, and NO, only. The point of minimum pressure is also seen to coincide with 
the accumulation of maximum amount of NO, in the system. ‘The maximum fall of 
pressure viz., 2.4 cm. is nearly 1/4 of the initial pressure of NO, as is to be expected on 
the basis of the mechanism postulated earlier. It is also seen that while NO disappears 
completely in about 9 minutes, the complete decomposition of the gas into N, and O, 
takes as much as 22 minutes, confirming thereby the earlier deduction that NO, decom- 
poses much more slowly in the silent electric discharge than NO under the same electrical 
conditions. 

The shape of the peroixide curve is interesting (cf. Fig. 5). It starts from zero, 
rises to a maximum and again diminishes to zero. It thus conforms to the shape obser- 
ved in general in the case of an intermediate product formed in a consecutive reaction. 
Tne curve shows a maximum at the point when the volume of NQ, is nearly 50% of 
the initial NO, which is to be expected on the basis of the mechanism postulated for the 
decomposition. 

It may be noted that Flory and Johnston (loc. cit.) have proposed a similiar 
mechanism for the photochemical decomposition of NO. They found that on irradia- 
tion the pressure of NO went on decreasing till it reached a minimnm at 1/4 the 
initial pressure. ‘The pressure was measured by means of a McLeod gauge. Every 
time the gas was compressed in the gauge, O, formed in the reaction reacted with 
the excess of NO to form NO, which combined with the mercury in the gauge to 
form HgNO,. ‘[hus their mechanism is 


NO + hv = $N,+40, _ . 
NO + 40, = NO, sas oe 
Hg + NO.= HgNO, iil (iii) 


Reactions (ii) and (iii) occur in the McLeod gauge. 

Since in the present work, coparatively high pressures have been employed, reaction 
(ii) may take place easily in the discharge tube itself. Though this reaction may not go 
to completion in a continuous discharge, as it shown by the fact that the amount of 
N, formed is found to be nearly 1/4 the amount of NO decomposed, while at the same 
time the fractional fall of pressure is also nearly 1/4 of the initial pressure. 

The author offers his grateful thanks to Professor S.S. Joshi, D.Sc., F.R.I.C., 
F.N.I., for kind interest and valuable discussions during the course of this work. 
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ADSORPTION OF ALKYL HALIDES ON SILICA GEL 


By B. P. Gyani 


The adsorption of carbon tetrachloride, propyl bromide and iodide, butyl chloride and bromide 
has been measured at 35°. The adsorbent was silica gel. The data have been applied to examine 
some current theories of physical adsorption. The capillary condensation theories and the Brunauer- 
Emmett-Teller theory have been examined in some detail, and a few of their fundamental difficulties 
have been discussed. 


These measurements were undertaken to see how far compounds of the same 
chemical type are comparable in their behaviour in respect of their adsorption. The 
compounds chosen were carbon tetrachloride, propyl bromide and iodide, and butyl 
chloride and bromide. These compounds were not expected to enter into chemical 
combination with the material of the adsorbent, silica gel, so that it was considered 
that the data could be utilised for examining the current theories of physical adsorption. 


EXPERIMENTAL 


The adsorption measurements with these substances were carried out in the 
apparatus described previously (J. Phys. Chem., 1045, 49, 226). ‘The silica gel was 
a sample freshly prepared at the University College, London, by the author. It was 
evacuated for about two hours at 320° before starting every fresh run, the heating 
being done electrically by inserting the adsorption bulb in a coil of resistance wire. 
The same quantity of the gel was used over andover again. ‘The temperature of the 
thermostat was kept at 35° + o.1 as before. 

n-Propyl bromide, n-butyl chloride and n-butyl bromide were purified according 
to the method suggested by Gilman (“‘Organic Syntheses’’, 1932, p. 26, New Vork)., 
These liquids were first washed with water and then shaken with several lots of con- 
centrated sulphuric acid to remove the free alcohols. The liquids were then washed 
with sodium carbonate solution, dried over calcium chloride and fractionated. 
n-Propyl iodide was washed only with water. ‘The carbon tetrachloride was fractionat- 


ed without any other treatment. The specific gravities and boiling points of these 


liquids were in good agreement with the figures quoted in Landolt-Bornstein Tables. 


The results of some of these measurements are shown graphically in the accompany- 
ing diagrams. In these diagrams the pressures are in mm. of mercury. The amounts 
of adsorption, x/m, are in g. mol. of the liquid per g. of gel, multiplied by to~*. The 
plots of «/m against p are shown in Figs. 1 and 2. It is seen that little vapour is 
retained at low pressures in the adsorption of carbon tetrachloride. The other com- 
pounds are, on the other hard, retained in larger amounts at low pressures. ‘This 
bebaviour has already been noticed in previous experiments (loc. cit.) with alcohols 
with which it is much’ more pronounced. When x/m is plotted against p/po, that 
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is to say, against equal fractions of the saturation pressures po, the isotherms come 
closer together and show the same general characteristics at different stages. ‘The 
lower parts, up toa relative pressure of about 0.25 are roughly parabolic in form. 
Then they bend upwards. The isotherms become practically horizontal at relative 
pressures of 0.35 except for propyl bromide, indicating saturation. ‘Ihe isotherm of 
ethyl alcohol on the same gel shows saturaticn at a much higher relative pressure of 
about 0.60, Figs. 1 and 2 show that there is a region of hysteresis between the adsorp- 
tion and desorption isotherms in a limited pressure range towards the saturation 
pressures. The hysteresis region appears larger in the case of more volatile compounds 
(CCl,, C;sH;Br and C,H,Cl). 

The retention of considerable amounts of vapour by the gel at small pressures 
may be interpreted in the light of views expressed earlier by the author (J. Phys. Chem. 
1946, 80, 24). If a certain amount of the vapour is ‘point adsorbed’, i.e. has no 
translational mobility, aud the energy of activation for desorption is not too low, it 
may be impossible in practice to pump out a residual quantity of the adsorbate. 
It is interesting to note that carbon tetrachloride, which has no apparent dipole moment 
in contrast to these other compounds, should not show this kind of adsorption. 
Further, in this case the plot of log x/m against log p is rectilinear from low pressures 
up toa point corresponding to about 50 mm., and has a slope close to 2/3 (Fig. 3). 


FIG. 3 
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It may therefore be concluded that there is no tendency towards linear adsorption 
either ; the carbon tetrachloride molecules are adsorbed in a general way on the internal 
surfaces of the gel, each molecule having translational mobility in two dimensions. 
This result may be compared with that obtained from the adsorption of other inert 
vapours such as paraffin hydrocarbons on silica gel (J. Phys. Col. Chem., 1949, 58, 
1091), and leads to the conclusion that simple surface adsorption may in general be 
expected to occur in such cases, the adsorbing surface appearing homogeneous like 
liquid surfaces. 
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It is not possible to determine exactly the figures for x/m corresponding to point 
adsorption froin Figs. 1 or 2. As very rough approximations, these values may be 
taken as 8 (in the units used, viz. g., mol. per g. of gel x 10~*) for C;H,I and C,H,Br, 
7 for C,H,Cl and 4.5 for C;H;Br. One may proceed to see whether the remaining 
course of adsorption corresponds to line, surface or bulk adsorption. When the total 
x/m is reduced by these figures and the logarithms of these corrected x/m are plotted 
against log p, one finds the slope to improve in each case as shown iu the following 
table. 
















TABLE I 
Vapour. Slope of log x/m—log p. Slope of log x/m—log p. 
(x/m = total adsorption). (x/m = corrected adsorption). 
C3Hy7I About 0.43 About 
CyHoBr 9. 43 ae 
CyHgCl oe =Os90 » @8 
C3;H;Br »» 0.40 - 0.6 


The low pressure data fover which the log x/m—logp graphs are rectilinear) for 
C,;H,I and C,H,Br are too meagre to permit any definite conclusions to be drawn, 
but the new slopes for C,H,Cl and C,H,Br show that after point adsorption is com- 
plete, the new-coming molecules mostly spread out in a general way on the surface 
‘slope required, 0.66); some linear adsorption may occur. Incidentally, one may 


FIG. 4. 
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note that the classisal equation applies to all the data far more satisfactorily at low 
pressures (Fig. 3) than the Langmuir equation (Fig. 4). In the latter case the plot of 


-_ against » shows a definite curvature, concave towards the pressure axis, showing 


x/m 
that the amount of adsorption grows up more rapidly than is required by the Langmuir 
equation. Curiously enough, the two isotherms shown are more nearly rectilinear 
above a pressure of about 70 mm. around which a definite break in the graphs occurs. 
The values of maximum adsorption (adsorption at saturation pressure) for the 
different vapours are recorded in Table II. This table also contains the corresponding 
parachors, P, calculated from the atomic constants of Sugden and the densities of the 
liqueds The densities have been measured mostly at 20°, but since the temperature 
coefficients are small and comparable, these values may be used at 35° so far as com- 
parison only is required. ‘The table shows that the product x/m (saturation) x P isa 
constant within 1%. The corresponding product for the adsorption of ethyl 
alcohol (1/m = 609.2) on the same gel is 9149, which is over 10% higher than the 
average for these compounds, 8058 (in arbitrary units). The product x/m (saturation) 
xMxp is again found to be constant, though to a lesser degree. Alcohol, again, 
presents an anomaly. With this exception therefore it may be concluded that Gur- 
witsch’s rule (J. Russ. Phys. Chem. Soc., 1915, 41, 805) is satisfactorily obeyed, 
whether one uses the parachors or ordinary densities. ‘The anomaly found with alcohol 
recalls the earlicr observation of Rao (J. Phys. Chem., 1941, 45, 506) ; water has been 
found to be taken up in much larger quantity than carbon tetrachloride. 


TABLE II 
Substance. x/m (saturation). 7. x/m x P. Density (p). x/mxM xp 
CC 36.4 222.0 8081 1.593 0.352 
C3;H7;Br 39.8 202.1 8044 1.352 0.362 
C;H,1 35.8 225.1 8060 1.743 0.349 
CyH,Cl 35:3 227.4 8021 0.887 0.370 
CyHyBr 33-5 2qi.t 8076 I 279 0.358 
C3;H;OH 69.2 132-2 9149 0.791 0.402 


Adsorption and Hysteresis 


The occurrence of hysteresis between adsorption-desorption isotherms is in general 
considered to be associated with a porous structure of the adsorbent. The radii of 
pores have been frequently calculated with the help of the Kelvin equation 


RTin £ = -20¥ ¥ us oa 

Po T 
where p = equilibrium pressure, po = saturation pressure at the absolute temperature 
T, ¢ = surface tension of the adsorbed liquid (dynes/cm.), V = volume of a g. mol. 
of the liquid (c.c. }, 1 = radius of the pore considered cylindrical (cm.) and R = the 
gas constant, 8.3x10" ergs/degree. Taking approximate values of p/p. from Figs. 1 
and 2 for the beginning (A) and the end (B) of hysteresis region, and using this equation 
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one gets the values for radii of the pores at points where hysteresis starts aud concludes, 
respectively. These values are shown in Table III. The surface tension data in 
this table were also obtained at 20° ; their temperature coefficients are usually small. 
The liquid molecules may be assigned average cubic spaces in the bulk of the liquid and 
the side s of such a cube may be obtained from the formula 


oval 
TasBie ITI 

Radii of pores corresponding to hysteresis. e 

Liquid C3H7Br. C3;H7I , C,H,Cl CyHgBr CC. 

p/p, at A 0.365 0 340 0.348 1.229 0.241 

p/p, at B ins 0.560 o 667 0.400 0 429 
e 24.8 25.3 260 26.4 25.7 
Vv 90.9 97-5 104 8 107.0 97.7 
r, (A) at A 17.5 18.6 20 2 15.0 13 6 
r (A) at B de 347 52-5 24 3 229 
Size of the 54 5-3 5-4 5.6 56 


molecule, s (A) 


The values of s so calculated are given in the last line. One notes that ™ as 
obtained fro:n isotherms of different liquids is roughly constant, 14-20 &. 1, varies 
from 23 to 52 &. The values of r, and r, should correspond to the radii of the narro- 
west and widest pores in the adsorbent. It appears to the author that the variation 
in rt, is partly du2 to the difficulty of exactly locating the point where the hysteresis 
comes to an end. Considering the diameters of the pores at narrow ends and the 
values of s, one finds that not more than eight molecules can be packed end to end 
in such capillaries. As has been pointed out in another paper by the author (this 
Journal, under publication), the figures obtained here again lead to two difficulties: 
the sizes of the capillaries calculated are not such to which the Kelvin equation 
should be applied ; and, the tensions at the concave meniscii are such as to tear the 
column of adsorbed liquid into pieces. The multimolecular theory of Brunauer, 
Emmett and Teller, in considering the adsorbate to be more akin to vapour (and thus 
eliminating liquid meniscus) overcomes these difficulties, but then this theory has to 
face a rather well established experimental fact that liquid meniscii (even for liquids 
in bulk) have a sharpness of the order of one molecular diameter only in passing from 
the bulk liquid tothe vapour phase (Adam, ‘‘ Physics and Chemistry of Surfaces’’, 
p. 5. Oxford University Press, 1941). Brunauer-Emmett-Teller theory centres round 
the assumption that this transition is very gradual. 
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1:3-DIMETHYL-2-AZAFIL.UORENONE. A NOTE ON MEYVER’S 
PYRIDINE SYNTHESIS 


By J. N. CHATTERJEA 


Contrary to Meyer's observation, it is shown that benzal-acetone reacts with acetodinitrile to give 
a poor yield of 3-cyano-4-phenyl-lutidine which may be converted into 1:3-dimethyl-2-azafluorenone in 
two steps. The primary product in Meyer's synthesis is shown to be a dihydropyridine. 


Recently, a number of 2-azafluorenones have been prepared by Petrow and his 
co-workers fora stduy of their biological properties, and amongst them, 1 : 3-dimethyl- 
2-azafluorenone (I, R=H) is known to be a better spasmolytic agent than papaverine. 
A ready synthesis of this compound has been developed by these workers by the smooth 
decarboxylation of 1:3-dimethyl-2-azafluorenone-4-carboxylic acid (1, R=CO,H) in 
liquid paraffin (Petrow et al., J. Chem. Soc., 1949, 2128; cf. Mills et al., ibid., ro24, 
2365). In a previous communication it was shown that Meyer’s pyridine synthesis 
from dinitriles and arylidene-acetophenones gave rise to 3-cyano-4-arylpyridines of the 
type (II) (Palit and Chatterjea, this Journal, 1950, 27, 667). Asthe cyanopyridine 
may easily be hydrolised and cyclised to an azafluorenone in good yield (cf. Palit and 
Chatterjea, loc. cit.), a convenient and short synthesis of (I, R=H) along these lines 
seems promising. 


“N - - : 
| CH . Oe " <= 
oe 4 CN—CH; \ -H, CN | | R’ CO.H | | 
+ C—R!’—> 
CO _ R— doll Me— — 
i a VY 4 
\/\—R NH CO—R N N 
sek bts (1) (ITI) 
N 
(I) 


Meyer and Irmscher record that the dinitriles do not react with benzal-acetone to 
give a pyridine (J. prakt. Chem., 1908, 78, 497 ; Hollins, “Synthesis of Nitrogen Ring 
Compounds’, Ernst Benn Ltd., 1924, p. 207). However, contrary to their observation, it 
has now been found that acetodinitrile (8-aminocrotononitrile) reacts with benzal-acetone, 
albeit in poor yield, to give 3-cyano-4-phenyl-lutidine (1I, R=R’=Me, R’=H, Ar=Ph). 
The cyanopyridine on hydrolysis with hydrochloric acid at 180°-190° furnished 4-phenyl- 
lutidine-3-carboxylic acid (III) (cf. Hantzsch, Ber., 1884, 17, 2912) which on treatment 
with concentrated sulphuric acid at 100°, cyclised to 1:3-dimethyl-2-azafluorenone (cf. 
Borsche and Hahn, Annalen, 1930, 587, 219). 

An alternative route to 3-cyano-4-phenyl-lutidine is by the condensation of acetodi- 
nitrile with benzylidene-ethy! acetoacetate in the presence of diethylamine to the hydroxy- 
pyridine (IV, R=Et, R’=Me). This is dehydrated either by the application of heat or 
3—1801P—-5 
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better by acetic anhydride to the dihydropyridine ‘V, R= Et), followed by oxidation by 
dilute nitric acid to (II, R=R’=Me, R”=CO,Et, Ar=Ph) and subsequent removal of 
carboethoxy] group by hydrolysis and decarboxylation (cf. Petrow, J. Chem. Soc., 1946, 
888). The compound (II,R=R’=Me, R”’=CO,Et, Ar=Ph) may also be directly 
obtained from the hydroxypyridine (IV, R=Et, R’=Me) on treatment with warm 
dilute nitric acid. 


Ph Ph Ph Ph 
| cw | com Cre I Cok Ce 9 
CH 
oh gn, Ue Uo 
| + C—CO.R —> < 
Me—C | 4A fi /“N 
\ CO—R’ Me NH R’ Me NH Me Me NH Ph 
NH 
(IV) (V) (VI) 


In Meyer’s pyridine synthesis, a dihydropyridine should be the primary product, 
but so far pyridines have only been obtained, evidently due to the facile oxidation of 
the dihydro compound (cf. Meyer and Irmscher, loc. cit.). It has now been found 
that in the case of acetodinitrile and benzylidene-acetophenone, if the period of reaction 
be shortened, then a mixture of the dihydropyridine (VI) and the corresponding pyridine 
(II, R = Me, R’=Ar=Ph, R’=H) is obtained which may be separated by careful 
fractional crystallisation. 


ExPERIMENTAL 


3-Cyano-4-phenyl-lutidine (II, R=R’=Me, R”’=H, Ar=Ph).—To a _ solution of 
sodium ethoxide (sodium, 1.2 g.) in alcohol (25 c.c.), a mixture of acctodinitrile (4.2 g.) 
and benzal-acetone (7.4 g.) was added at room temperature when the reaction set in with 
the evolution of heat. The mixture was refluxed for 5 hours, water added and then 
extracted with ether. ‘The gummy residue on treatment with alcoholic picric acid fur- 
nished the picrate of 3-cyano-4-phenyl-lutidine (1.3 g.), crystallising from alcohol in 
fine yellow needles, m.p. 195-96°. (Found: N, 15.7. CisH,2N2. CcH;0,N; requires 
N, 16.0 per cent). The base was liberated in quantitative yield by suspending the 
picrate in ether and washing it several times with dilute sodium hydroxide. The product 
crystallised from dilute alcohol in fine needles, m.p. 105-106°. (Found: C, 80.9; H, 6.2; 
N, 13.4 C,,H..N, requires C, 80.8; H, 5.9; N, 13.5 per cent.). 


4-Phenyl-lutidine-3-carboxylic Acid (III).—The above cyano compound (1.0 g.) 
was heated with concentrated hydrochloric acid (2.5 c.c.) in a sealed tube at 180°-190° for 
5 hours. The acid solution deposited the hydrochloride of the acid (III) (1.1 g.) as 
hard prisms, m.p. 248° (decomp. with previous shrinking). (Found: Cl, 13.9. 
C,4H,;0.N.HCI requires Cl, 13.5 per cent.). The solution of the hydrochloride in the 
minimum quantity of water was treated with a saturated solution of sodium acetate, 
when the acid (III) (0.7 g.) was obtained as a fine crystalline precipitate, readily soluble 
in water, m.p. 188-90° (Hantzsch, joc. cit., gives m.p, 189-90°), On crystallisation 
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from alcohol the acid was obtained in colorless flakes, m.p. 207°. The sample was dried 
over phosphorus pentoxide. (Found: C, 73.7; H, 5.9. Cale. for C;4H:s0.N: C, 74.0; 
H, 5.7 per cent). 

1 :3-Dimethyl-2-azafluorenone (1, R=H) (cf. Petrow et al., J. Chem. Soc., 1940, 
2130) was readily obtained in quantitative yield by heating the acid (III) (1.0 g¢.) 
with concentrated sulphuric acid (5 c.c.) at 100° for 2 hours. The orange-yellow acid 
mixture was diluted and basified with sodium hydroxide and the light yellow precipitate 
of (I, R=H) crystallised from benzene-petrol in light yellow leaflets, m.p. 158°. Petrow 
etal. give m.p. 159-60° (corr.). (Found: C, 80.3; H, 5.5. Calc. forC,,H,,ON: C, 80.4; 
H, 5-3 per cent). 

Condensation of Bentylidene-ethyl Acetoacetate with Acetodinitrile: Formation 
of (IV, R=Et, R’=Me).—A solution of benzylidene-ethyl acetoacetate (1.1 g.) and 
acetodinitrile (0.41 g.) in dry alcohol (5 c.c.) was treated with diethylamine (6 drops) 
and kept for 48 hoursat 40°. Prismatic crystals (0.7 g.) of ethyl 5-cyano-4-phenyl-6- 
methyl-2-hydroxy-2-methyl-(1: 2: 3: 4)-tetrahydropyridine-3-carboxylate (IV, R= Et, 
R’=Me), m.p. 186-88° (with frothing) appeared slowly. On crystallisation from 
alcohol, the m.p. fell to 183-84°, apparently due to partial dehydration to (V, R=Et). 
On further crystallisations, still lower m.p. s were obtained. (Found: C, 67.3; H, 7.3; 
N, 9.8. C)7H2.0;,N, requires C, 68.0; H, 6.7; N, 9.4 per cent). 

Ethyl 5-Cyano-4-phenyl-2:6-dimethyl-(1: 4)-dihydropyridine-3-carboxylate (V,R= 
Et).—-(a). The above hydroxypyridine (IV, R’ = Et, R = Me) (1.5 g.) was heated 
in a test tube till the evolution of gas (water vapour) was over. Aqueous alcohol was 
added and the solution left to crystallise when (V, R=Et) was obtained in colorless 
leaflets (1.3 g.), m.p. 168-69°. Petrow (loc. cit.) gives m.p. 171-72.5° (corr.). (Found: 
C, 72 5; H, 6.4; N, 10.3. Cale for C,;H,,02N.2: C, 72-3; H, 6.4; N, 9.9 per cent). 

(b). The hydroxypyridine ‘1.0 g.) was heated on the water-bath with acetic 
anhydride (3 c.c.) for 2 hours; the solid obtained by addition of water was crystallised 
from dilute alcohol in colorless leaflets, m.p. 168-69°. 


Incidentally it was found that 2:4-diphenyl-3:5-dicarboethoxy-6-methyldihydropyri- 
dine, m.p. 190-92° ‘this Journal, 1950, 27, 667) which was prepared in an analogous 
way as (IV, R=Et, R’=Me) was really ethyl 4-phenyl-6-methyl-2-hydroxy-2-phenyl- 
(1:2:3:4)-tetrahydropyridine-3:5-dicarboxylate (IV, R=Et, R’=Ph, CO,Et in place of 
CN). (Found: C, 70.0; H, 6.5. C2,H2;O;N requires C, 70.4; H, 6.6 per cent.) 

This hydroxypyridine was, however, readily dehydrated with acetic anhydride or with 
phosphorus trichloride on the water-bath during 4 hour when 2:4-diphenyl-3:5-dicar- 
boethoxy-6-methyl-(1:4)-dihydropyridine was obtained crystallising from dilute alcohol in 
colorless leaflets, m.p. 126-27°. (Found: C, 73.2; H, 6.6; N, 3.9. CosHssO,N requires 
C, 73.6; H, 6.4; N, 3.6 per cent). 

Ethyl 5-Cyano-4-phenyl-2:6-dimethylpyridine-3-carboxyiate (II, R=R’=Me, R’= 
CO,Et, Ar=Ph).—This was directly prepared from the hydroxypyridine (IV, R=Et, 
R'=Me) (0.5 g.) by dehydrating and oxidising it with dilute nitric acid (1:6) on the 
water-bath for 15 minutes. The semi-solid brownish mass (0.35 g.) crystallised from 
petroleum ether in clusters of prisms, m.p. 96-98°. Petrow (loc. cit.) gives m.p 101-102 
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(corr.). The ester group of this compound was hydrolysed according to Petrow, giving 
(II, R=R’=Me, R‘=CO,H, Ar=Ph) in colorless plates, m.p. 232° (Petrow, 236-37°, 
corr.). 


Decarboxylation of (II, R=R’=Me, R’=CO,H).—The acid (0.5 g.) was heated on 
a metal bath maintained between 240° and 260°. Vigorous evolution of carbon dioxide 
occurred and 3-cyano-4-phenyl-lutidine (II, R=R’=Me, R’=H, Ar=Ph) was sublimed in 
vacuum. The product (0.41 g.) crystallised from dilute alcohol in colorless needles, 
m.p. and mixed m.p., 105-106°. The picrate has m.p. and mixed m.p., 195-96°. 

3-Cyano-4: 6-diphenyl-2-methyldihydro-(1: 4)-pyridine (VI).— The condensation 
between benzylidene-acetophenone and acetodinitrile in alcoholic sodium ethoxide was 
done according to the quantities given by Meyer and Irmscher (loc. cit.). The mixture 
was refluxed for 1} hours and then cooled and left to stand when a mixture of colorless 
hard prisms and fine needles was obtained. These were separated by fractional crys- 
tallisation from acetone when the less soluble 3-c yano-4:6-diphenyl-2-methyl-(1:4)-dihy- 
dropyridine (VI) was obtained in a pure condition (mechanical separation is also useful). 
After two crystallisations from a large volume of alcohol, it was obtained in hard, colorless 
prisms, m.p. 207-208°. (Found: C, 83.6; H, 6.4; N, 10.0. CysH,.N.2 requires C, 83.8; 
H, 6.0; N, 10.3 per cent). 

The more soluble fraction contained 3-cyano-4:6-diphenyl-2-methylpyridine, m.p. 
115-16°; this was readily obtained from the above dihydropyridine (V1) by oxidising 
it with chromic acid or by nitrous fumes. The following method is satisfactory. 

The solution of the dihydro compound (o.1 g.) in acetic acid (5 c.c.) was treated with 
a solution of chromic acid (48 mg.) in water {0.5 c.c.). After 5 minutes, water was added 
till crystals appeared (70 mg.) which crystallised from alcohol in colorless needles, m.p. 
and mixed m.p. 115-16°. (Found: C, 84.9; H, 5.2. Cale. for C,,H,4N: C, 84.4; H, 5.2 
per cent). Ultraviolet spectrum: A max. = 26004 ; loge = 4.43 (in alcohol). The 
bicrate was obtained from alcohol in yellow plates, m.p. 163-64°. (Found: C, 60.7; 
H, 4-0; N, 13.9. C2sH17,O;N; requires C, 60.1; H. 3.5; N, 14.0 per cent). 

The author wishes to thank Prof. K. Prasad for the hospitality of his laboratory. 
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STUDIES ON THE ADSORPTION FROM NON-AQUEOUS SOLVENTS. 
PART i] 


By A. C. CHarrerjt AND R. D. SRIVASTAVA 


Adsorption of acenaphthene and naphthalene from different solvents has been studied and no 
relation has been observed to exist between the adsorption and the surface tension at air-liquid 
interface. But as the values of surface tension upon solubili:y of the solate in the solvent decrease, 
adsorption also in most cases decreases. ‘The reciprocal relation between solubility and adsorption 
is found true only when solubility in g. moles of the solute per too g. moles of the solvent is taken 
The relation b-tween the polarity of the solvent and adsorption is applicable in a group of compounds. 
The adsorption of naphthalene and acenaphthene is least in CCl, amongst all the solvents tried, while 
that of benzoic acid is the largest in the same solvent 


In a previous communication (this Journal, 1951, 28, 315) the adsorption from non- 
aqueous solvents has been studied ; in the present paper the work has been extended 
with a view to correlating the nature of the solutes and the physical properties of the 
solvents on adsorption. 

Freundlich (7. physikal. Chem., 1906, 57, 385) called attention to the different 
degrees of adsorption of a given solute from different solvents and looked upon for an 
explanation to differences in surface tension. Using acid-extracted blood charcoal 
Lundelius (Kolloid 7., 1920, 26, 145) showed a qualitative relationship between the 
adsorption of iodine from CCl,, CHCl, and CS, and the solubility of iodine in these 
liquids. Gurvitsch (ibid., 1923, 32, 80; 1926, 38, 247) found an inverse qualitative 
relationship between heat of weiting of solvent and the adsorption of benzoic acid 
using acetone, ethyl acetate, chloroform, benzene, carbon tetrachloride, carbon disul- 
phide and benzine. Heymann and Boye (Z. physikal. Chem., 1930, 150A, 219) investi- 
gated the decrease of adsorption of formic, acetic, butyric, benzoic and picric acids 
and of iodine from a variety of solvents in search for a relationship between adsorption 
affinity for the solute and dipole moment (molecular polarization) of the solvent. 
They found that while from certain liquids of weak dipole moment and low molecular 
polarization, the adsorption was very much higher than from liquids of opposite type, 
there were inconsistencies which showed that a general rule could not be formulated. 
They concluded that specific chemical properties overcame these purely physical pro- 
perties in certain instances. Hence, they decided to use a series of chemically similar 
liquids and chose alcohols accordingly. 

In this paper dependence of adsorption on surface tension has been discussed along 
with other properties given in Part 1 of this series ‘Joc. cit.) using naphthalene and 


acenaphthene as adsorbates. 
ERPERIMENTAL 


All the chemicals used herein were purified by standard methods. Iixperimental 
method used was the same as given in Part I. The estimation of naphthalene and 














828 A. C. CHATTERJI AND R. D. SRIVASTAVA 


acenaphthene was made by adding known quantities of the solution to the excess of 
known weight of picric acid, dissolved in alcohol. Mixed solvent was then evaporated 
under reduced pressure. It was found by blank experiments that this method gave very 
reliable results. ‘The values of adsorption at concentration 0.2 M in millimoles/litre are 
given in Table I along with the values of surface tension (y) of liquids at air-liquid inter- 
face which have been obtained from International Critical Tables. Calculated values of 
solubility, So, in g- moles of the substance per 100 g. moles of the solvent and y/So are 
aiso given. ‘The values adsorbed at other concentrations are given in Table II. 





TABLE I 

Naphthalene. . Acenaphthene. 
Solvent y (dynes/cm.). | 7/S,. Adsorption *S, y/S,. Adsorption 

(m. moles/ (m. moles/ 
litre). litre). 

CH;0H 22.61 2.125 10.64 45.6 0.48 47-11 61.6 
C,H,;OH 22.27 3-666 6.075 41.7 1.20 18.56 58.4 
n-C3;H;OH 23.8 3.985 5.973 31-1 1.35 17-62 42-5 
n-CyHgOH 24.6 5-573 4-414 28.2 1.61 15.8 39-7 
CH3;COCH, 23.7 26.479 0.8955 27.6 — _ 38.9 
CH;COOH 27.63 6.142 4-499 28.2 _ _ 37-1 
CeHe¢ 28.88 34.12 0.8466 15.5 — — 276 
CsH;CH, 28.43 34-55 0.8230 12.10 14.5 1.99 25.9 
CsH;Cl 33-19 37.83 0.8754 9.6 -- - 22.4 
n-Hexane - 18.43 10.77 1.7111 12.5 — _ 17.8 
CHCl, 27.10 41.98 0.6455 13.6 19-5 1.39 18.2 
CCl, 26.7 24.03 0.2125 9.3 - — 16.9 


=surface tension at air-liquid interface. 
S,=solubility of the substance in g. moles/100 g. moles of the solvent. 
* Data for the solubility are not available for other solvents. 


TABLE II 
Adsorption of naphthalene from different solvents. 


Temperature = 35°. Animal charcoal taken = 0.5 g. Time = 24 hours. 


Adsorption in millimoles at concentration 


Solvent. 0.4M. 0.3M. 0.25M. 0.18M. 0.15M. o.10M. 
CH;,0H 69.4 57.6 52.5 44.2 38.1 29.7 
C,H;OH 70.6 54-7 47-9 38.8 35-2 29.0 
n-C3;H7;,OH 72.6 50.6 40.8 29.6 24.3 18.2 
n-CyHgOH 80.9 49-9 38.3 26.4 23.0 17.5 
CH,COCH; 67.7 42.1 34.6 25.3 22.8 17.6 
CH;COOH 49.0 38.5 33.9 24.7 22.3 17.5 
CeHe 25+7 21.0 18.5 15.1 13.9 11.6 
CsH;CH; 15.8 14.0 13.2 12.0 11.5 10.7 
n-Hexane 31.2 20.3 16.4 11.1 10.0 7.5 
CHC1; 40.2 25-3 18.5 12.0 10.2 7.5 


Cc 20.8 14.3 11.8 9.1 7-9 6.9 
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TABLE III 


Adsorption of acenaphthene from dijferent solvents. 
Temperature = 35°. Animalcharcoal taken = 0.5 g. ‘Time = 24 hours. 


Adsorption in millimoles/litre at concentration 


Solvent. 0.30M. 0.25M. 0.18M. 0.15M. o 10M. 0.05M 
CH3;0H - 68.2 58.7 54-1 43.8 32-3 
C,;H;0H = 64.6 55:5 51.3 13-4 34-3 
n-C3;H,;OH 55.0 48 5 j0.0 37-5 32 3 27.2 
n-CygHgOH 52.7 46.1 37.5 347 29.8 24.9 
CH;COOH 46.5 41.3 36.2 337 27-3 23-4 
0.6M. c.5M 0.4M. 0.3M. 0.25M. 0.15M. o 10M 
CH;COCH; 50.9 47.8 449 41.7 40.2 37.0 34. 
CeHe 42.6 39-4 35-7 31.5 30.0 25.8 23.4 
CsH;CH, 38.9 36.4 33-7 30.2 27.8 22.5 19-7 
CsH;Cl 36.9 33.1 30.0 26.2 24.3 21.0 ~- 
n-Hexane 60 6 50.5 42.6 31.8 23.5 14.3 — 
CHCl; 260 24.5 22.9 20.9 19.4 16.8 14.4 
CCl 31.7 29.0 24.6 21.0 19.1 15.3 13.2 


Diese vsesion 


Adsorption and Interfacial Tension.—The function of the surface may be con- 
sidered from two aspects. It may be regarded as acting by virtue of molecular attrac- 
tion or of chemical forces, or it may be looked upon as a means for providing an interface 
of large area at which a solute capable of Jowering interfacial tension may accumulate. 
These two properties are undoubtedly related to each other, but the latter view point 
is probably more useful; in any case, other properties, less understood, may also be 
involved. Very little information is available concerning the tensions at solid-liquid 
interface ; so nothing can be said about the relation existing between surface tension at 
solid-liquid interface aud adsorption. 

Still an approximate indication about the relation may be obtained by assuming 
that the tensions run parallel to those for air-liquid interface. There is no theoretical 
justification for this assumption, but failing any more definite information it may be 
employed as the only available guide, especially when experiments appear to support 
tie general validity of the parallelism between solid-liquid and air-liquid interfacial 
tensions, e.g., dyestuffs are more readily adsorbed by charcoal from aqueous 
than from alcoholic solutions; in fact the dyestuffs adsorbed by charcoal from 
water may be extracted by means of alcohol. Water has a much higher air-liquid 
interfacial tension than alcohol, and so the decrease of the surface tension of the 
aqueous solution with increasing concentration of dyestuff is likely to be greater than 
for the alcoholic solutions. Sometimes, however, this parallelism breaks down. From 
looking at the data given in ‘lable I, it is observed that no relationship exists between 
adsorption and surface tension at air-liquid interface. Therefore either no relationship 
exists between surface tension at solid-liquid interface or parallelism is not true. 
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When the values of surface tension at air-liquid interface divided by solubility are 
calculated, it is observed that as y/S. decreases, adsorption also decreases (see Table 1). 
Patric aud Eberman (J. Phys. Chem., 1925, 29, 220) derived an equation 


1/n 
v= b( 2) = ce ws 4s) 


on the basis of capillary condensation theory of adsorption, where V is the volume of 
the liquid solute adsorbed per gram of adsorbent, S is the equilibrium concentration of 
the solute in the surrounding solvent, and S., the solubility “‘or the dissolving power 
of the solvent as uninfluenced by molecules of the solute subsequently entering,’’ and 
y is the surface tension. Now, as -V has been supposed also to be equal to internal 
volume of the adsorbent, so V will be constant; and the relation between y/S. and equi- 


librium concentration remains 


Soo So ad mat sas. 2) 


y 
From the values of y/S. given in Table, I it is observed that as y/S, decreases, adsorption 
also decreases. ‘I‘his should be if equation (2) is valid. 

Adsorption and Solubility.—According to Freundlich (“Colloid & Capillary Chemis- 
try,’’ 1926, p. 194) adsorption of a solute will be weaker from the solvent in which it hasa 
higher solubility. But there is nothtng to suggest in what unit the solubility is to be ex- 
pressed. Speyers (Amer. J. Sci., 1902, 4, 14, 194) has given the solubility of acenaphthene 
in three units; (a) weight of acenaphthene in g. per 100 c.c. of saturated solution, (b) 
grams of acenaphthene dissolved per 100 g. solvent, and (c} gram moles of acenaphthene 
per 100 g. moles of the solution. Comparing these values with the adsorption of acenaph- 
thene it is seen that the best agreement is obtained by taking into account solubility in 
grain moles per 100 gram moles of the solution. From the data given in Table I it is seen 
that reciprocal relation exists between solubility and adsorption when solubility is 
expressed as gram moles of acenaphthene adsorbed per 100 gram moles of the solution. 

Adsorption and Polarity.—There is no relationship between polarity and adsorption 
when the solvents of dissimilar groups are taken. But when similar groups of solvents 
are taken such as alcohols, it is seen that the adsorption of naphthalene and acenaph- 
thene increases with increasing dielectric constant. But in the case of acids, as has 
been pointed out in the earlier part (loc. cit.), it decreases. ‘That means the adsorption 
depends upon the polarity of the solute also, and as the polar acids have high adsorp- 
tion from a solvent, naphthalene and acenaphthene being non-polar will have less 
adsorption from the same solvent, as has already been predicted in an earlier paper 
(loc. cit.). 

One of us, R. D.S., is thankful to the Government of India for the grant of a 
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SYNTHESIS OF POLYNUCLEAR HYDROCARBONS WITH FUSED 
cycloPENTANE RING. PART I 


By SuRESH CHANDRA SEN GuPTA AND NARENDRA NATH SAHA 


The syntheses of 2 :3-cyclopentenonaphthalene and its 7-methy] and 7-ethyl derivatives have been 
described. 

A new method has been explored for the synthesis of ‘polynuclear hydrocarbons with fused cyclo- 
pentane ring. The succinic anhydride method for the synthesis of polycyclic hydrocarbons has been 
utilised for the purpose, the succinic acid derivative employed being A!-cyclopentene-1 : 2-dicarboxylic 
acid. Though the method could not be utilised for the synthesis of 1: 2-cyclopentenophenanthrene, an 
isomeric cyclopentenophenanthrene and other interesting polycyclic hydrocarbons have been synthesised 
by this method. 


The synthesis of 2:3-cyclopentenonaphthalene was carried out in the following 
manner. ‘The anhydride of A'-cyclopentene-1:2-dicarboxylic acid condensed with 
benzene in presence of anhydrous aluminium chloride with the formation of 4’-cyclopen- 
tene-1-benzoy!-2-carMbxylic acid (I, R=H'. ‘The keto-acid on reduction by the Clem- 
mensen method gave A’-cyclopentene-1-benzyl-2-carboxylic acid (IJ, R=H). This 
was cyclised by heating with fused zinc chloride at 170°-180° to 1-keto-2:3-cyclopenteno- 
1:4-dihydronaphthalene (III, R=H), which on Clemmensen reduction gave 2:3-cyclo- 
penteno-1:4-dihydronaphthaiene (IV, R=H). The latter on dehydrogenation with 
Pt-C catalyst in the liquid phase gave 2:3-cyclopentenonaphthalene ‘V,R=H). This 
was found to be identical with a sample prepared by a different route (Sen Gupta, 
this Journal, 1939, 16, 92). 


oa woes ee ee ae ae gone 
Se eget er ree Serra 
W/V VAN AA VV WAY 
CO CH; CH, CH, 
(1) (II) (TIT) (IV) 
R 
YY 
VN a4 
(V) 


In a similar manner 2:3-cyclopenteno-7-methylnaphthalene was synthesised 
starting from toluene and A'’-cyclopentene-1:2 dicarboxylic anhydride. These con- 
densed forming A’-cyclopentene-1- (p-toluyl)-2-carboxylic acid (I, R=Me). This on 
reduction gave A'-cyclopentene-1-(p-methylbenzy])-2-carboxylic acid (II, R=Me), 
which on cyclisation gave 2:3-cyclopenteno-1-keto-1:4-dihydro-7-methylnaphthalene 
(III, R=Me). The ketocompound on reduction gave 2:3-cyclopenteno-1:4-dihydro-7- 
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methylnaphthalene (IV, R= Me), which on dehydrogenation with Pt-C gave 2:3-cyclo- 
penteno-7-methylnaphthalene (V, R=Me), identical with a sample of 6:7-cyclopenteno- 
2-methylnaphthalene, prepared by a different route (Sen Gupta, loc.cit.). 
2:3-cycloPenteno-7-ethylnaphthalene (V, R=Et) was prepared in a similar manner 
starting from ethylbenzene and anhydride of A’-cyclopentene-1:a-dicarboxylic acid. 


ExPERIMENTAL 


A large amount of A'-cyclopentene-1:2-dicarboxylic acid required for this work was 
prepared from ethyl cyclopentanone-2-carboxylate through the cyanohydrin which 
was dehydrated to the unsaturated nitrile and then hydrolysed ‘Sen Gupta, this Journal, 
1940, 17, 186; Kon and Nandi, J. Chem. Soc., 1933, 1626; Nandi, this Journal, 1934, 
11, 213). It has now been found that the cyannohydrin of the keto-ester can be best 
dehydrated with phosphorus oxychloride and pyridine under the following conditions: 
Cyanohydrin obtained from 52 g. of ethyl cyclopentanone-2-carboxylate was cooled in 
a freezing mixture, pyridine ‘100 c.c.) added and then phosphorus oxychloride (25 c.c.) 
was added dropwise with stirring. After leaving overnight in cold the mixture was 
heated on the boiling water-bath for one hour, cooled and treated, with ice and hydro- 
chloric acid. ‘The unsaturated nitrile ester. was extracted with e®her, washed, dried 
and distilled, b.p. 133°-135°/4 mm., yield 44 g. 

The unsaturated nitrile ester (44 g.) on heating with concentrated hydrochloric 
acid {100¢c.c.) for 6 hours gave mainly A’-cyclopentene-1:2-dicarboxylic acid. This 
was purified by crystallisation from water, m.p. 178°, yield 29 g. 

A’-cycloPentene-1-benzoyl-2-carboxylic Acid (1, R=H).—Anhydrous aluminium 
chloride (35 g.) was added to a solution of the anhydride of A’-cyclopentene-1:2-dicar- 
boxylic acid (16 g.) in benzene (60 c.c.}, cooled in ice. The mixture was allowed to 
stand at the room temperature for 17 hours and then warmed at 50°-60° fur 2 hours. 
After decomposition with ice and hydrochloric acid, the excess of benzene was removed 
by steam distillation. The solid product was dissolved in sodium carbonate solution, 
filtered and acidified with hydrochloric acid. The separated acid was crystallised from 
rectified spirit in needles, m.p. 181-82°, yield 15 g. (Found : C, 72.4; H, 5.8. CysHi20s 
requires C, 72.21 ; H, 5.56 per cent). 

The semicarbazone of this keto-acid crystallised from dilute alcohol in needles, m.p. 
240° (decomp.)}. (Found: C, 61.3; H, 5.6. C,s4H.;03Ns; requires C, 61.5; H, 5.5 per cent). 

A'-cycloPentene-1-benzyl-2-carboxylic Acid (II, R=H).—The keto-acid (I, R=H) 
(10 g.), amalgamated zinc ‘40 g.) and concentrated hydrochloric acid (40 c.c.) were 
boiled gently for 24 hours with frequent addition of more hydrochloric acid. ‘The 
reduced acid was extracted with ether, the ether removed and the residue was purified by 
extraction with sodium carbonate solution. It was distilled as a colorless liquid, b.p. 
170°-173°/4 mm., yield 7.7g. (Found: C, 76.9; H, 7.4. C.sH,,O2. requires C, 77.2; 
H, 6.9 per cent). 

The anilide crystallised from dilute alcohol in needles, m.p. 130-31°. (Found: 
C, $2.1; H, 7-0. C,H,,ON requires C, 82.3; H, 6.86 per cent), 




















SYNTHESIS OF POLYNUCLEAR HYDROCARBONS, ETC. 333 








1-Keto-2 : -3-cyclopenteno-1 : 4-dihydronaphthalene (III, R=H).—The acid (II, 
R=H) (5.5 g.) was heated with fused zinc chloride at 170°-180° for 1 hour; the product 
was treated with dilute hydrochloric acid, extracted with ether and washed with 
ammonium hydrate. It was obtained ag a colorless liquid, b.p. 140°-145°/3 mm., yield 
2.5g. (Found: C, 84.32; H,6.7. C,,;H,,0 requires C, 84.78 ; H, 6.52 per cent). 

The semicarbazone of the ketone (1II, R=H)} was prepared in alcoholic solution 
and was crystallised from dilute alcohol, m.p. 177-78°. (Found: C, 69.2; H, 6.3. 
C,.H,;ON; requires C, 69.7; H, 6.2 per cent). 

2: 3-cycloPenteno-1 : 4-dihydronaphthalene (IV, R=H).—The cyclic ketone (III, 
R=H) (2 g.) was reduced by heating with amalgamated zinc (8 g.) and concentrated 
hydrochloric acid (8 c.c.) for 24 hours. It was a colorless liquid, b.p. 105°-107°/5mm., 
yield 1 g. (Found: C, 91.23; H, 8.2. C,;H,,4 requires C, 91.76 ; H, 8.2 per cent). 

2: 3-cycloPentenonaphthalene (V, R=H).—The foregoing hydrocarbon (IV, 
R=H) (0.9 g.! and Pt—C catalyst {0.1 g.) were heated in a metal bath at 280° for 4 
hours and at 200°-300° for 8 hours. The product was extracted with ether, the ether 
removed and the solid residue distilled over sodium under reduced pressure when a color- 
less solid product ‘0.25 g.) was obtained. This was converted into picrate which crys- 
tallised from alcohol in golden yellow needles, m.p. 120-21°. (Found: C, 57.1; H, 
3-78. CisH,;0;N; requires C, 57.4 ; H, 3.8 per cent. 

The hydrocarbon was regenerated from the picrate and crystallised from spirit in 
coloriess flakes, m.p. 95°. Mixed m.p. with a sample of 2 : 3-cyclopentenonaphthalene, 
prepared by a different route (Sen Gupta, Joc. cit.) was not depressed. (Found: C, 
92.6; H, 7.2. Cale. for C,;H,.:C, 92.85; H, 7.15 percent). The si!yphnate was 
prepared in alcoholic solution and crystallised in orange-yellow needles, m.p. 153°. 
(Found: C, 55.0; H, 3.6. C,,H,,0,N; requires C, 55.2; H, 3.6 per cent). 

A’-cycloPentene-1-(p-toluyl)-2-carboxylic Acid (I, R=Me).—It was prepared from 
toluene (50 c.c.), anhydride of A'-cyclopentene-1 : 2-dicarboxylic acid (15.5 g.) and 
anhydrous aluminium chloride (35 g.), exactly as in case of the keto-acid (I, R=H). It 
was crystallised from spirit in thick needles, m.p. 200°, yield 15 g. (Found: C, 73.16; 
H, 6.15. Ci4Hi,O; requires C, 73.04 ; H, 6.08 per cent). 

The semicarbazone of this keto-acid crystallised from dilute alcohol, m.p. 230° 
(decomp.). (Found: C, 62.8; H, 6.1. C,;H,;O;N; requires C, 62.7; H, 5.9 per cent). 

Oxidation of the Keto-acid (1, R=Me) with Sodium Hypochlorite Solution.—The 
keto-acid (0.6 g.) was warmed with sodium hypochlorite solution prepared with chlorine 
liberated from potassium permang@nate {1.1 g.) and concentrated hydrochloric acid 
(8 c.c.). The oxidised product on crystallisation from dilute alcohol had m.p. 179° and 
was identical with a sample of p-toluic acid. 

Al-cycloPentene-1-(p-methylbenzyl)-2-carboxylic Acid ‘II, R=Me).—The keto- 
acid (1, R=Me) (9 g.), amalgamated zinc (45 g.) and concentrated hydrochloric acid 
(45 c.c.) were gently boiled for 24 hours. The reduced acid was purified as in the case 
of the acid (II, R=H). it was a thick liquid, b.p. 175°-176°/3 mm., yield 7 g. (Found : 
C, 77.35» H, 7.5. CisHi,Oz requires C, 77.76; H, 7.4 per cent). 

The anilide crystallised from dilute alcohol in fine needles, m-p. 143°. 
C, 82.4; H, 7.4. CsoH.,ON requires C, 82.5; H, 7.2 per cent). 
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2: 3-cycloPenteno-1-keto-1 : 4-dihydro -7-methylnaphthalene (III, R=Me}.—The 
acid (II, R=Me) (5.5 g.) was heated with gused zinc chloride (15 g.) at 170°-180° for 
one hour. ‘The product was purified as in (III, R=H). It distilled at 160°/5 mm. 
and readily solidified. It was crystallised from petroleum ether (b.p. 40°-60°) in stout, 
light yellow needles, m.p. 55°, yield 3.2 g- (Found: C, 84.5; H, 7.05. CiuH,.0 
requires C, 84.84 ; H, 7.07 per cent). 

The. semicarbazone of the ketone crystallised from dilute alcohol in needles, m.p. 
208° (decomp.). (Found: C, 70.4; H, 6.6. CisH,;ON; requires C, 70.6; H, 6.66 per 
cent}, 

2: 3-cycloPenteno-1 : 4-dihydro-7-methylnaphthalene (IV, R=Me).—The ketone 
(III, R=Me) (3 g.) was reduced by heating with amalgamated zinc (12 g.) and concen- 
trated hydrochloric acid (12 c.c.) for 24 hours. The product had b.p. 120°-123°/5 mm. 
and readily solidified, m.p. 53°, yield 1.14 g. (Found: C, o1.2; H,8.8. C,.Hy 
requires C, 91.3 ; H, 8.69 per cent). 

2:3-cycloPenleno-7-methylnaphthalene (V, R= Me}.—The hydrocarbon (IV, R=Me) 
(1 g.) was heated with Pt—C catalyst (0.1 g.} in a metal bath for 5 hours at 280°-290° 
and at 300°-320° for 3 hours. ‘The product was extracted with ether and finally 
distilled over sodium under reduced pressure (0.32 g.). The hydrocarbon was converted 
into its picrate which had m.p. 107-108°. (Found: C, 58.0; H, 4.1. C.H,;,0,N; requires 
C, 58.4; H, 4.1 per cent). The hydrocarbon regenerated from the picrate crystall’sed 
from methyl alcohol in flakes, m.p. 104°. This was identical with a sample of 6 : 7- 
cyclopenteno-2-methylnaphthalene ‘Sen Gupta, loc. cit.}. (Found: C, 92.1; H, 7.8. 
Calc. for C,\4Hi,: C, 92.3; H, 7.7 per cent). 

A'-cycloPentene-1-(p-ethylbenzoyl)-2-carboxylic Acid (I, R=Et).—A mixture of 
anhydride of A'-cyclopentene-1 : 2-dicarboxylic acid (29 g.) and ethylbenzene (22.3 g.) 
was slowly added to an ice-cold solution of aluminium chloride (58 g.) in nitrobenzene 
(100 c.c.). ‘The mixture was kept in the ice-ba th for 6 hours and at room temperature 
for 12 hours, decomposed with ice and hydrochl oric acid, and the nitrobenzene removed 
by steam distillation. The solid product was ex tracted with sodium carbonate solution 
and the keto-acid crystallised from alcohol (charcoal) in colorless needles, m.p. 154*55°, 
yield 8.3 g. (Found: C, 74.19; H, 6.49. CisHieOs requires C, 73.77; H, 6.56 per 
cent). 

The semicarbazone of the keto-acid crystallised from methyl alcohol in fine needles, 
m.p. 204-205°. (Found: C, 63.3; H, 6.2. Cy6Hi,O;N; requires C, 63.78; H, 6.3 per 
cent). 

A'-cycloPenetene-1-(p-ethylbenzyl)-2-carboxylic Acid (II, R=Et).—The keto- 
acid (I, R=Et) (12 g.) was reduced by heating with amalgamated zinc (60 g.) and con- 
centrated hydrochloric acid (60 ¢.c.). The product was obtained as a viscous liquid, 
b.p. 195°/8 mm., yieldg.5 g. (Found : C, 78.12; H, 7.6. CysH,sO, requiresC, 78.26; 
H, 7.82 per cent). 

The anilide crystallised from dilute alcohol in needles, m.p. 119-20°. (Found : 
C, 82.3; H, 7.6. C,,H.sON requires C, 82.6; H, 7.54 per cent). 

1-Keto-2 : 3-cyclopenteno-1 : 4-dihydro-7-ethylnaphihalene (11l, R=Et).—The acid 
(II, R=Et) (8.5 g.) was cyclised by heating with fused zinc chloride (30 g.) at 180° for 
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one hour. The product was a liquid, b.p. 175°-180°/8 mm., yield 4.4 g. (Found: C, 
84.4; H, 7.6. C,sHi.O requires C, 84.9; H, 7.55 per cent). 

2: 3-cycloPenteno-1 : 4-dihydro-7-ethylnaphthalene (IV, R= Et).—The cyclic 
ketone (III, R=Et) (4 g.) was reduced by heating with amalgamated zinc (20 g.) and 
concentrated hydrochloric acid (20 c.c.) for 24 hours. It was a colorless liquid, b.p. 
133°-136°/5 mm., yield 2.5 g. (Found: C, 90.5; H, 9.05. C,sHis requires C, 90.9; 
H, 9.1 per cent). 

2: 3-cycloPenteno-7-ethylnaphthalene (V, R=Et).—2: 3-cycloPenteno-1 : 4-dihydro- 
7-ethylnaphthalene (2.4 g.) was heated with Pt-C catalyst (0.3 g.) in a metal bath at 
280° for 2 hours and at 300°-310° for 4 hours. The product was extracted with 
ether and distilied over sodium as a colorless liquid, b.p. 140°-145°/8 mm., which solidi- 
fied on cooling, yield o.8 g. 

The picrate crystallised from dilute alcohol in yellow needles, m.p. 100-101°. 
(Found: C, 59.13 H, 4.4. C2:;H,.O,;N; requires C, 59.3; H, 4.47 per cent). ‘The 
pure hydrocarbon was regenerated from the picrate and obtained as solid, m.p. 41-42°. 
(Found : C, 91.4; H, 8.2. C,;His requires C, 91.8 ; H, 8.2 percent). The styphnate 
crystallised from alcohol in goldeu yellow needles, m.p. 135-36°. (Found: C, 57.0; H, 
4.2. Cs,HiOsN; requires C, 57.14 ; H, 4.3 per cent). 

All expenses incurred in this investigation were met from a Research Grant sauction- 
ed by the Government of West Bengal. 
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THE PREPARATION AND STRUCTURE OF THE MANNICH BASE 
DERIVED FROM 7-ACETOBUTYRIC ACID 


By NABAKRISHNA CHOUDHURI AND PRATUL CHANDRA MUKHARJI 


Mannich base of ‘y-acetobntyric acid has been prepared and its structure has been deduced in an 


unambiguous way. 


The C-alkylation reaction of the methoiodides of ketonic Mannich bases has been 
utilised by many workers for the synthesis of polycyclic compounds (Robinson et al., 
J. Chem. Soc., 1937, 53; 1938, 2001 ; 1941, 391 et seq; Wilds et al., J. Amer. Chem. 
Soc., 1943, 65, 472; 1949, 71, 3946 etseq). It seemed to us that the scope of this 
useful method for the synthesis of polycyclic compounds could be extended further if the 
reagent carried an additional functional group and this led one of us (Mukharji, this 
Journal, 1947, 24, 91) to suggest the possibility of using the Mannich base, ethyl 7- 
dialkylamiuo-5-keto-hexoate, for synthesis in the steroid field. 

This suggested an investigation of the method of preparation of this hitherto un- 
known Mannich base (Ia). 


R.CH,.CH,.CO.(CH,)2 COOR’ COOH.CH,.CH,.CO.CH;.CH,.CH;,.COOH 
(I) (II) 
Ila—R=N(C;H,,); R’=C.H;, n=3 
Ib-R=N(C;H,,); R’=C.H;, n=2 
Ic=R=N(C;H,o).HCI; R’=H, n=3 COOH.(CH,);.CO.(CH;)s. COOH 
Id—R=N(C;H,,).HCl; R’=H, n=2 (III) 


In search for a suitable method for its preparation it was found that Mannich 
and Bauroth (Ber., 1924, 57, 1108) had described the preparation and structure of the 
Mannich base from levulinic acid. ‘The hydrochloride of the base was obtained as a 
crystalline solid, m.p. 145-46° inca. 48% yield by heating a mixture of levulinic acid, 
paraformaldehyde and pi peridine hydrochloride. 


CH,CO.CH,.CH,.COOH + CH,0 + C;H,).NH.HCl 


| 


HC1.N(C;H,,.).CH,.CH,.CO.CH,.CH,COOH 


The yield was, however, lowered when piperidine hydrochloride was replaced by dimethy]- 
amine hydrochloride. On oxidation with concentrated nitric acid this compound 
gave succinic acid, and on this basis Mannich assigned the structure (Id) to this com- 
pound. So it seemed to us that y-acetobutyric acid on similar treatment may afford (Ic), 
from which the desired compound (Ia) can be readily prepared by the usual method. 
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However, before proceeding to prepare the Mannich base from y-acetobutyric acid 
by this method, we thought it desirable to prove the structure of the Mannich base of 
levulinic acid (Id) in an incontrovertible manner. ‘The ester ‘lb), derived from this 
Mannich base, was converted into its methoiodide and made to react with ethyl sodio- 
malonate. The resulting alkylation product on hydrolysis with concentrated hydro- 
chloric acid gave a solid keto-dicarboxylic acid, m.p. 130-31° in about 25% yield 
(overall). 


BtOOC, 
CH, + ICH;.N(C;H,o).CH,.CH3.CO.CH-CH,COOEt 
vA 


EtOOC | 


EtOOC 
» CH.CH,.CH,CO.CH,.CH,COUEt 
EtOOoC | 


(11) 
ene ee 


EtOOC—CH, + BrCH,CH,COOEt 
EtOOC.CH,.CH,.CO 


(II) 

This acid proved to be identical with y-keto-suberic acid (II)*, synthesised by~in- 
teracting ethyl §-bromopropionate with ethyl sodio-8-keto-adipate and hydrolysing the 
reaction product. Since completion of our wofk, y-keto-suberic acid has been described 
by Leonard and Goode (J. Amer. Chem. Soc., 1950, 712, 5404) who report the melting 
point 130-32°. Fromm this result it is quite evident that the crystalline Mannich base 
hydrochloride obtained from levulinic acic must be assigned the structure (Id), originally 
suggested by Mannich (Joc. cit.) where the piperidino-methyl group appears on the 
terminal methyl group and not on the ‘a-methylene’ group. Anticipating similar 
behaviour in the case of y-acetobutyric acid, we prepared the Mannich base of this acid 
hy the same procedure and obtained the base hydrochloride in ca. 40% yield as a white 
crystalline solid, m.p. 158-59°. After removal of this crystalline material a gummy 
product was left from which all attempts to obtain any crystalline material proved futile. 
The crystalline base hydrochloride was recrystailised from alcohol several times and 
appeared to be quite homogeneous. Definite proof of the structure of this compound 
was obtained by following the same method as used in the case of the lower homologue. 
The mono-alkylated malonic ester obtained in this case gave on hydrolysis with acid 
a keto-acid in ca. 25% yield, identified as 5-keto- azelic acid (JII) (Pechinann and Sidwick, 
Ber., 1904, 37, 3817). This keto-acid on Clemmensen reduction gave an acid identical 
with an authentic specimen of azelic acid. The formation of 5-keto-azelic acid definitely 

* After we had communicated our paper for publication, it came to our notice that Dodson and 


Sollman (J. Amer. Chem. Soc , 1951, 78, 4197), have condensed the Mannich base of levulinic acid with 
diethy] malonate and they also have obtained y-keto-suberic acid after hydrolysis and decarboxylation 
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settles the structure of the crystalline Mannich base from y-acetobutyric acid as (Ic), 
where the piperidinomethyl group appears on the terminal methyl group of y-aceto- 
butyric acid. 

We have already utilised the compound (Ia) for the synthesis of several intermediates 
which offer promise of success for synthesis in the steroid field. ‘These results will be 
reported in a future communication. 


EXPERIMENTAL 


Formation of Mannich Base from y-Acetobutyric Acid: 7-Piperidino-5-keto-hexoic 
Acid Hydrochloride (Ic).—The procodure followed was the same as described by Mannich 
(loc. cit.) in the case of levulinic acid. 

A mixture of y-acetobutyric acid (39 g.) and piperidine hydrochloride ‘36.5 g.) was 
heated in an oil-bath (105°-110°) for about 5 minutes. To this hot mixture was added 
in one portion finely powdered paraformaldehyde (9 g.) and the heating continued. The 
reaction was over in about 20 minutes, the mass becoming homogeneous. It was then 
heated for additional 30 minutes under reduced pressure to remove water formed during 
the reaction. The resulting viscous residue, while still warm, was dissolved in absolute 
ethanol (25 c.c.) and the solution diluted with dry acetone. On cooling, a crystalline 
solid separated. This was filtered, washed with acetone and dried, yield 34-35 g. 
(42-44% theo.). The compound was recrystallised from absolute alcohol, m.p. 158-59°. 
(Found : N, 5.42. C.,H,,0;N. HCI requires N, 5.31 percent). 


“Ethyl 7-Piperidino-5-keto-hexoate (Ia).—The above hydrochloride (Ic, 30 g.) was 
boiled under reflux with 3% ethanolic hydrogen chloride (150 c.c.) for ro hours. Ex- 
cess alcohol was removed by distillation under reduced pressure. ‘The solid residue was 
suspended in ether and decomposed with 50% caustic potash solution with efficient ice 
cooling. The clear ether layer was decanted off and the aqueous solution extracted with 
ether several times. The combined ether extract was washed with water and dried over 
anhydrous sodium sulphate. On removal of the solvent the residue was distilled under 
reduced pressure, b.p. 105°-107°/8 mm., yield 12 g. The ester distils as a colorless 
liquid which turns brown on keeping. (Found: N, 5.35. C:,H.;O;N requires N, 5.49 
per cent). 

Alkylation of Ethyl Sodiomalonate with the Methoiodide of Ethyl 7-Piperidino-5- 
keto-hexoate: Formation of 8-Keto-azelic Acid.—The methoiodide of the base was 
prepared in the usual way by adding drowise methy] iodide (2 c.c.) to the base (Ia, 6.5g-), 
cooled in an ice-bath and carefully protected from moisture. The flask was shaken 
from time to time during the addition of methyl iodide. After the addition was complete 
it was kept in the ice-bath for about 3 hours, followed by 1 hour at room temperature. 
Excess of methyl iodide was then washed with dry ether. The resuiting microcrystalline 
methoiodide was directly employed for the alkylation step. 

The above methoiodide, dissolved in alcohol (15 c.c.), was added to an ice cold solu- 
tion of ethyl sodiomalonate, prepared from sodium (0.6 g.) and diethyl malonate (5 g.) 
in absolute ethanol. After keeping it in the ice-bath for about 3 hours it was left at the 
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room temperature overnight, followed by ro hours’ refluxing on the steam-bath. It 


» was then cooled, decomposed with water containing a little acetic acid and extracted 
with ether. ‘The ether extract was washed with water and dried over anhydrous sodium 
-S sulphate. ‘The residue left on removal of the solvent was distilled. The excess malonic 
re ester distilled off at first but the residual viscous oil could not be distilled owing to de- 
composition. ‘The crude product was then directly hydrolysed with 15% hydrochloric 
acid for 18 hours. The clear solution on evaporation deposited white crystals (1.3 g.). 
The compound was crystallised from water and melted at 107-108° (lit. records m.p. 
" 108°, loc. cit.). (Found: C, 53.15; H, 6.91. CsH,,O; requires C, 53.47; H, 6.93 


per cent). 


Azelic Acid.—The above acid (1.5 g.) was reduced with amalgamated zinc and con 
centrated hydrochloric acid for 40 hours according to usual procedure. ‘The solution 
was cooled, diluted with water and extracted with cther. On removal of the ether a crys- 
talline solid was obtained which after recrystallisation from water melted at 105° and 
showed no depression on admixture with an authentic specimen of azelic acid. 


6-Piperidino-4- keto-caproic Acid Hydrochloride (Id): Mannich Base of Levulinic 
Acid.—This was prepared by the method described by Mannich (loc. cit.). Levulinic 
acid (29 g.), piperidine hydrochloride (30.4 g.) and paraformaldehyde (7.5 g.) were 
heated as described. The yield was 29-30 g. The product after crystailisation melted 
at 145-46°. 


Ethyl 6-piperidino-4-keto-caproate (Mannich et al., Arch Pharm., 1927, 265, 580) 
was prepared as described above for the preparation of ethyl 7-piperidino-5-keto-hexoate, 
b.p. 110-°112°/12 mm. (lit. records b.p. 113°-114°/14 mm. ef. Mannich, loc. cit.). 


Alkylation of Ethyl Sodiomalonate with the Methoiodide of Ethyl 6-Piperidino- 
4-keto-caproate : Formation of y-Keto-suberic Acid.—The methoiodide of the base was 
prepared exactly by the method described in the previous case. The crude methoiodide 
obtained from the base (Ic, 4.9 g.) was dissolved in absolute alcohol and added dropwise 
to an ice-cold solution of ethyl sodiomalonate, prepared from sodium (0.46 g.) and diethyl 
malonate (4 g.) in absolute alcohol (7 c¢.c.). After keeping it in the ice-bath for 2 
hours and at room temperature overnight, it was boiled under reflux for 12 hours. It 
was then cooled, and worked up in the usual way. The residual viscous oil after 
removal of the unreacted malonic ester was directly hydrolysed with 15% hydrochloric 
acid for about 16 hours. ‘The clear solution on evaporation deposited white crystals. It 
was recrystallised from water, m.p. 130-31° ‘lit. records m.p. 130-32°), yield 1g. 
(Found : C, 50.88; H, 6.33. CsH,.0; requires C, 51.06; H, 6.38 per cent). 


Synthesis of y-Keto-suberic Acid.—To an ice-cold solution of ethyl sodio-8-keto- 
adipate, prepared from sodium (0.46 g.) and ethyl] 8-keto-adipate (4.5 g.) in absolute alcohol, 
was added ethyl-8-bromopropionate {3.7 g.). After keeping the mixture in the ice-bath 
for about 2 hours, it was boiled under reflux for further 1o hours. It was then cooled, 
decomposed with cold acidulated water, and extracted with ether. The ether extract was 
then washed with water and dried over anhydrotis sodium sulphate. ‘The oil remaining 
after removal of ether was distilled and the fraction (5 g.) boiling at 160°-165°/1-1.5 mm. 


5—1801P—5 
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collected. 


This was directly hydfolysed with 15% hydrochloric acid in the usual way 
and the acid isolated by evaporation of the resulting clear solution. 
from water the acid melted at 130-131°, 


C,H,,0; requires C, 51.06 ; H, 6.38 percent). 


On crystallisation 
yield 2 g. (Found: C, 50.82; H, 6.32. 


The synthetic acid showed no depression in melting point on admixture with y-keto- 
suberic acid obtained in the previous case. 


ORGANIC CHEMISTRY LABORATORY, 
UNIVERSITY COLLEGE OF SCIENCE, Received October 3, 1951 
CALCUTTA. 
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REDUCTION OF METALLIC OXIDES BY CARBON IN BORIC OXIDE 
AND BORAX MELTS. PART I. FERRIC OXIDE 


By M. H. KHUNDKAR 


In the temperature range 850°-1090°, ferric oxide combines with boric oxide to give a product 
(ferric borate) of unidentified X-ray pattern. With carbon, it is reduced to a-Fe through the inter- 
mediate formation of ferrous borate (which gives a glassy structure at 1000°). With borax, ferric oxide 
is spontaneously reduced to ferrosoferric oxide, which is reduced by carbon in this melt first to ferrous 
borate, and thefi to a-Fe. The proportion of carbon used has influences on the nature of reduction in 
these melts at rooo®. In either of these melts (more in borax), with insufficient amounts of carbon, the 
ferrous borate is only slowly reduced to iron; the melts themselves are preferentially reduced. No 
indication of the formation of cementite or of iron boride was obtained, With increasing amounts of 
caibon input, the percentage of it converted to the oxides gradually decreases, whereas the a-Fe phase 
gradually becomes more and more prominent. Thus, the decreasing fusibility (consequent on increasing 
carbon input) retards the reduction of the boric oxide or borax, but helps that of the iron compounds. 
Neither boron, nor any of its carbides were identified in the X-ray photograph of the various products 


Comparatively little is known about the nature of the reaction between boric oxide 
and metallic oxides, and X-ray data are particularly lacking. From the changes in 
heating curves (with time), Mazetti and Carli (Atti R. Accad. Lincei, 1924, v, 38, 512) 
reported the formation of borates of metals by the interaction of the corresponding oxides 
with boric oxide at temperatures below those at which these mixtures fused. For ferric 
oxide, they gave a temperature of 500°-600°. More recently, Foex (Ann. chim., 1939, 
ix, 11, 359) studied the solubilities of various metallic oxides in boric oxide and alkali 
borate glasses, and suggested that boric oxide melt should behave similar to water as 
a reaction medium. From available thermochemical data (Bichowski anc Rossini, 
“Thermochemistry of Chemical Substances’, 1936; Roth and Borger, Ber., 1937, 70 B, 
48; Todd and Milner, J. Amer. Chem. Soc., 1946, 68, 530), and also from the work of 
Elbert and Stahler (Ber., 1913, 46, 2060) it was apparent that boric oxide and borax 
would both be inert towards carbon between 850° and 1000°. From these consi- 
derations, it was proposed to study the reducibility of ferric oxide by carbon in these 
melts with a view to ascertaining any influence these melts have on the equilibrium 
(particularly on cementite formation) and dynamics of the reduction of the metal oxide by 
carbon. It was, however, observed that these melts were themselves affected by carbon 
in thisrange. So the problem ultimately was concerned with the study of simultaneous 
reduction of ferric oxide and boric oxide (or borax) by carbon. 


ExPERIMENTAL 


The apparatus (ig. 1a & n) was designed in such a way as to enable the study of the 
reactions in either nitrogen atmosphere or in vacuo. The main part of it consisted of a 
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chromium-steel tube (T) heated in an electric furnace {F), and connected through a stop- 
cock (Sn) to the analytical train on one side (Fig. 18). The temperature of the furnace 


Fig. IA. 
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was controlled within +5°. On the other side the tube was connected toa Hyvac pump 
(P),a mercury manometer ‘M)}, an oil manometer (QO), a pair of gas burette (B) connected 


Fig. 1B. 





connecting to the main System 
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to a mercury trough ‘Fig. 1A) ; and then through another stop-cock (S;) to the source of 
pure nitrogen. Reactions were carried out in nickel boats which could be placed at the 
high temperature reaction zone at any desired instance by means of a solenoid atrrange- 
ment (R). Temperatures were measured by means of a Cambridge auto-compensated 
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temperature iudicator in conjunction with a Pt/Pt-Rh thermocouple (Q). The whole sys- 
tem could be evacuated by means of the Hyvac pump (P). When a reaction was started 
in vacuo, progress was followed by an increase of pressure at constant volume with 
the help of the mercury manometer. In most cases, reactions were carried out in nitro- 


























gen atmosphere. For this, the evacuated system was filled with pure nitrogen (com- 
pressed nitrogen obtained in steel cylinders was passed over reduced copper at 600°- 
650°, and then through soda lime and phosphorus pentoxide), adjusting the final 
pressure to atmosphere. The progress of reaction was then followed by measuring the 
volume increase at different intervals of time from start (every time adjusting the inside 
pressure accurately—first by mercury manometer, and finally with the oil manometer —to 
that of the atmosphere). LEquilibrium-was taken to have reached when not more than 
1 c.c. of gas would evoive in an hour. Atthe end of each reaction the gas mixture 
was swept out by a stream of pure nitrogen and then passed through a series of tubes 
arranged for the estimation of carbon dioxide and monoxide respectively. The former 
was estimated by absorbing in a weighed U-tube containing soda lime. The carbon 
monoxide was next estimated by iodine pentoxide with a slight modification of Vanda- 
veer’s method (Ind. Eng. Chem. Anal. Ed., 1929, 1, 129). ‘he gas mixture (after 
the carbon dioxide had been absorbed) was passed through a tube containing iodine 
pentoxide, and electrically heated to 150°-160°. ‘The iodine vapour was absorbed in 
carbon tetrachloride, after which the carbon dioxide formed during oxidation of carbon 
monoxide was absorbed in soda lime. Thus, two different estimations of carbon mono- 
xide were made simultaneously. The mean of the two is reported. All measured 
volumes of gas were corrected to N.T.P. No quantitative chemical analysis of the 
solid products of reactions was undertaken in view of the small quantities involved, 
X-ray diffraction photographs (Debye-Scherrer) of powdered products gave information 
which, when correlated with gas composition data, was sufficient to give an insight into 
the mechanism of the processes involved. Specimens for X-ray photographs were pre- 
pared in pyrex capillaries to avoid moistening with water. 


AnaiaR quality borax and boric acid were used. The boric acid was dehydrated to 
make the boric oxide. ‘They were first dried in a nickel crucible over a Bunsen burner at 
temperatures not exceeding 400°-500°. Attempts to fuse them in 4 nickel crucible 
failed, as the oxide formed reacted with the melts to give a pink coloured product. So, 
dehydrated and partly fused boric oxide (or borax) was heated in nickel boats at ro00° 
in vacuo. The colorless cooled mass was finely powdered in an agate mortar and kept in 
a vacuum desiccator as stock samples. The ferric oxide used was of the B.D.H. grade, 
and over 99.0% pure. ‘The active carbon (100-120 I1.M.M. mesh prepared from gran- 
ules of a reactive variety of coconut charcoal and analysing : C, 95.81%; H, 0.561% and 
ash, 0.914%) ; pure, artificial graphite and other metallic oxides were all Similarly 









pre-heated at 1000° in vacuo. 


For experiments in nitrogen medium, the total gas evolved was read out directly 


in the gas burette. This was corrected to N.T.P., and reported as “total gas measu- 





red’’. Further, the sum of gas estimated as CO and CO, gave the “total gas estimated’. 
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For experiments carried out with a constant volume system, however, the total gas 
refers to the “‘total gas estimated”’. 


Reactions in Boric Oxide Melt 


Preliminary Experiments.—Air-dried ferric oxide was found to be more reactive 
than the same sample pre-heated in vacuo at 1o00°. But the reduction of even this 
at 850° was slow, and did not appreciably improve by admixture of equal parts by 
weight of boric oxide. ‘The product contained ferrous oxide, small proportions of iron, 
and another product of unidentified crystalline structure. In presence of twice as much 
boric oxide, in the reduction of air-dried ferric oxide, there was an induction period 
corresponding to the oxidation of about 50% carbon (giving same products as with lesser 
proportions of boric oxide), after which the reaction suddenly became rapid and went 
to completion giving iron only as the product. Similar induction, however, has been 
reported (Padovani and Bayan, Annali Chim, Appl., 1934, 24, 304) in the reduction of 
calcined siderite by a mixture of CO and H, between 830° and 880°. When the carbon 
input was 25% iu excess of that required for complete reduction of ferric oxide to iron 
only, volume of gas ‘CO and CO.) evolved was greater than the theoretical maximum cal- 
culated from the ferric oxide input (this was also true with the pre-heated sample of ferric 
oxide). Thus, at least some of the melt also must have been reacted with carbon. 


Effect of Temperature.—In order to understand the actual réle of the melt, it was 
necessary to study the reduction of boric oxide and ferric oxide separately at several 
temperatures in this range, as alsothat of the mixture. Results obtained thereof are 
shown in Table I. As the reduction of ferric oxide alone by active carbon is very 
rapid above 900°, graphite was used in all the reactions. Throughout the whole series of 
experiments ferric oxide used was always pre-heated at 1000°. The evolution of gas 
at different stages of the reduction of the mixture has been indicated by continuous lines 
in Fig. 2. The sum of the volumes of gas evolved up to different stages in the reduc- 
tion of ferric oxide and boric oxide separately by graphite has been shown, for compari- 
son, by dotted lines. At go0°, the reduction of boric oxide has been taken to be nil, as 
only 1 or 2 cc. of gas evolved in 6 or 7 hours. ‘The product of reduction of 
ferric oxide in presence of boric oxide at 1000° is mainly 2-Fe, with smail amounts of 
graphite (see Fig. 2A). In order to ascertain the nature of reduction more completely, 
similar molecular proportions of the two oxides were heated in nitrogen atmosphere (or 
in vacuo) at rooo°, and subsequently cooled. ‘The X-ray photograph shows the 
absence of any of the oxides of iron, but indicates the presence of an unidentified pattern 
of a very complicated nature ‘presumed to be ferric borate). This is different from 
the pattern of another unidentified product observed during preliminary experiments 
(products of incomplete reduction at 850°), and taken to be ferrous borate.  ‘I'hus, it 
is concluded that ferric oxide forms ferric borate with boric oxide; in presence of 
insufficient carbon (compared to the total oxygen input in the form of the two oxides) 
this is mainly reduced to metallic iron through the intermediate formation of ferrous 
borate, which at tooo is a glass and does not give any line pattern. Some of the boric 
oxide is also reduced. 
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@Pasie | 


Reducibility of ferric oxide by graphite in presence of BOs. 
FeO, input = 1 mg. mole. Graphite input = 3.75 mg. a. 
BO; input = 5.875 mg. mole. Duration of expt. = 420 minutes. 


System. Temp. Total gas evolved X-ray pattern. 
Cale. Measured. 
Fe,0;-Gr* g00°/N2 11.90 ¢.c. 12.85 C.c. FeO, Gr, a-Fe(w) 
” 950°/ Ng 52.58 52.65 a-Fe, Gr 
o 1000°/Ng 60.14 61.31 ” 
i 1000°/vac. 66.23 _ ” 
B,03-Gr goo°/Ng No appreciable reaction. 
” 950°/Ne 15.12 12.03 Gr (w) 
on 1000°/Ng 41.60 43-28 ” 
a 1oco°/vac. 45-07 _ ” 
Fe,03-Gr-B,03 goo°/Ne 17.84 18.48 Gr, borate 
” 950°/Ng 52-22 §2.70 a-Fe, Gr 
» 1000°/Ne 56.59 57-72 a-Fe (w) 
‘ 1000°/vac 68.66 _ ” 


* Gr denotes graphite. 


TABLE ITI 


Effect of variation of graphite input on the system: Fe,03-Gr-B,Os. 
Fe,O; input = 1 mg. mole. B,O, input = 5.875 mg. mole. 


Temp. = 1000°. Duration of expt. = 420 minutes. 
Graphite input. Total gas % COx by vol. Total Gr oxidised. X-ray 
(mg. a.) evolved. pattern. 
(mg. a.) %, input. 

3-75 69.66 c.c. 10.07 3.11 82.93 — 
6.co 89.To 9.81 3.98 66 34 a-Fe, Gr 
9.00 111.66 9-46 4-99 55-44 ” 
12.00 132.17 8.00 5-95 49 58 ” 
15.00 151.63 8.08 6.77 45-13 ” 


Effect of using increasing amounts of Graphite.—The «mount of graphite used 
each of the above experiments was very much insufficient (3.75 mg. atom, compared 
to a total of 20.50 mg. atom of oxygen). It was mecessary to study the effect of 
using more graphite in single experiments. As the capacity of the gas burette would 
not permit all experiments to be carried out in nitrogen atmosphere, all these were 
done in vacuo. Actual increase of pressure for separate experiments with time has 
not been shown, but the amount of graphite oxidisea in 420 minutes with the variation 
of graphite input has been plotted in Fig. 3 (see also Fig. 34 for X-ray photographs of the 
products). With increasing amounts of graphite input, percentage of it oxidised 
gradually decreases, while the reaction with reference to oxygen has yet far to go. 
Formation of cementite or iron boride could not be detected. Graphite lines also are 
not as strong as it ought to have been. No lines of boron carbide are found either, 
but could possibly be present in the amorphous state. 
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Reduction in Borax Melt 





Experiments similar to those described in the previous section were also carried out 
in borax melt. Borax is usually used in brazing, but its actual function is not clearly 
known. Details of the results obtained in the reduction of borax by carbon under 


different conditions is being reported in a subsequent communication. 


The continuous 


lines in Fig. 4 represent the reduction of ferric oxide by graphite in borax melt, while 
dotted curves have been drawn just as in the case of boric oxide (Fig. 2). It will be 
seen! that, the rate of reduction of a mixture of ferric oxide and borax by graphite (at 
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least at 900° and 950°) is greater than that of the sum of the two. 


gnised that the theoretical maximum for evolution of gas (on the basis of carbon in- 
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boric oxide). 


Graphite input 
(mg a.) 


3-75 
6.00 
9.00 
12.00 
15.00 





then falls down. 
bide formation (of boron or sodium). 
lity of the mixture. 
product was an infusible mass (powder). 


Fe,O,; input = 
Temp. = 


Total gas 
estimated. 


85.67 c.c. 


100.58 
109.03 
105.85 

88.61 


prominent in the case of boric oxide. 
greyish coating separated at the top. 


oxide give a greenish or bluish tinge. 


1000°, 


put) is twice for the dotted lines than those for the continuous lines. 
graphs (Fig. 4A) of the products do not indicate any line of the 2-iron which is fairly 
It is merely a light bottle-green glass with a 
The glassy part of the product is insoluble in 
dilute hydrochloric acid, but dissolves in concentrated acid without evolution of any gas, 
thus excluding the possibility of the presence of iron, or its carbides. 
tions of borax and ferric oxide, as used in reduction experiments, when heated in vacuo 
(or in nitrogen atmosphere), gave ferrosoferric oxide only (and not ferric borate as with 
The change takes place at as low as 850°. 
oxide is spontaneously reduced to ferrosoferric oxide which perhaps does not form a stable 
borate. This is reduced by graphite first to ferrous oxide, which combines with borax 
to give ferrous borate, a greenish blue glass at 1000°. 
to iron, the excess of borax is possibly preferentially reduced. 
with the observation of Bancroft and Cunningham (J. Phys. Chem., 1930, 34, 1). 
According to them, in alkali borate melts ferrous oxide is colorless, while traces of ferric 
With hydrogen, the reduction of ferric oxide 
to metallic iron takes place readily when the alkali content is low, and a slightly higher 
alkali content tends to prevent the formation of metallic iron. 
Effect of varying amounts of Graphite Input.—In the previous section it was obser- 
ved that in presence of insufficient amounts of graphite, most of it was consumed, whereas 
the product contained very little of elementary iron. 
study the results of using increasing amounts of graphite in the reactant. 
of experiments presented in Table III, all other conditions were kept the same and the 
input of graphite was varied. 
TABLE III 


% COx by vol. 


8.88 
8.87 
7-65 
6.38 
5.71 
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The X-ray photo- 


Similar propor- 


Thus, in borax melt, ferric 


The latter isc very slowly reduced 
This is in agreement 


“a 
(mg. a.) (% input.) 
3.82 100 
4.47 74-50 
4.86 54.00 
4-72 39-34 
3-95 26.34 


= 420 minutes. 


It was necessary therefore to 
In the series 


Effect of variation of graphite input on the reduction in borax melt (in vacuo). 
1 mg. mole. Na,B,O, input = 2.029 mg. mole. 
Duration of expt. 


X-ray 
pattern. 


No lines 
a-Fe(v.w.) 
a-Fe(w) 
a-Fe 


a-Fe 


It will be seen from Fig. 5 that with increasing amounts of graphite, the percen- 
tage of it oxidised readily decreases, more quickly than in the case of boric oxide. And 
contrary to the latter, the amount of gas evolution increases up to a certain limit and 
For 3.75 mg. a. graphite input, all of it is oxidised indicating no car- 
The addition of graphite also decreases the fusibi- 


In fact, in the case of the last of the series of experiments the 
If all the sodium and boron were to be conver- 
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ted to their highest carbides (namely 
Na,C, and B,C;), it would need TO.15 
mg. a. of graphite. ‘Thus, in the last 
experiment (with 15 mg. a. graphite 
input), there was available 4.85 mg. a. 
graphite to be converted to the oxides 
of carbon. That it is not so, while 
in experiments using more fusible mix- 
tures larger amounts of carbon were con- 
verted to the oxides, justifies the assump- 
tion that the fluidity of the mass has a 
definite influence on the reaction. X-ray 
photographs of the products (Fig. 5a) 
raveals that with decreasing fluidity (with 
increasing graphite input), the reduction 
of iron oxide to metallic iron is favoured. 
No indication of cementitie or of iron 
boride formation was observed. 

This work was carried out in the 
Physical Chemistry Laboratory,’ King’s 
College, Newcastle-upon-Tyne, England, 
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STUDIES IN FRIES REACTION. PART VII. FRIES MIGRATION OF THE 
ACETYL AND BENZOYL ESTERS OF METHYL 8-RESORTYLATE 
AND 8-RESORCYLIC ACID 


By GuNVANTLAL CHANDULAL AMIN AND N. M. SHAH 


The Fries migration of methyl] 2 :4-diacetoxybenzoate gave methyl 2 :4-dihydroxy-3 :5-diacetylbenzoate 
and/or the corresponding frec acid depending upon the temperature of the reaction, The acid on decar- 
boxylation gave 2:4-diacetylresorcinol. The dibenzoate of methyl §-resorcylate on similar migration 
gave methyl 2:4-dihydroxy-5-benzoylbenzoate and the corresponding free acid, which was decarboxy- 
lated to 4-benzoylresorcinol. The 4-acetyl ester of B-resorcylic acid isomerised tc either 2:4-dihydroxy- 
s-acetylbenzoic acid or 2:4-dihydroxy-3:5-diacetylbenzoic acid or both, depending upon the conditions 
of the migration ; while the diacetyl ester of free B-resorcylic acid gave only 2:4-dihydroxy-3 :5-diacety]- 
benzoic acid. The results supply the evidence of y-substitution in the Fries migration of acyl esters of 
B-resorcylic acid and its methyl ester. 


In extension of the previous work on the Fries migration (this Journal, 1946, 238, 
190, 234; 1048, 25, 377; 1940, 26, 235; 1950, 27, 531), the migration of the acetyl and ben- 
zoy] esters of methyl 8-resorcylate and 8-resorcylic acid has been described in this paper. 
The Fries migration of the phenolic esters containing a carboxyl or carbomethoxyl 
group has been little investigated. Cox (J. Amer. Chem. Soc., 1930, 52, 3521) studied 
the migration of various acyl esters of methyl salicylate, and in each case isolated the 
5-keto derivative. Recently, the migration of the three isomeric acetoxybenzoic acids 
has been investigated by Shah and Shah ‘this Journal, 1949, 26, 235). In heterocyclic 
compounds, ethyl 7-acetoxy-4-methylcoumarin-3-acetate gave under the conditions of 
the Fries reaction 7-hydroxy-8-acetyl-4-methylcoumarin-3-acetic acid, the ester being 
hydrolysed to the free acid during the course of the reaction (Shah and Shah, this Journal, 
1942, 19, 481). Methyl 5-acetoxy- and 7-acetoxy-4-methylcoumarin-6-carboxylate (V.M. 
Thakor, Ph.D. Dissertation, Bom. Univ., 1948} and 7-acetoxy-3-carboethoxycoumarin 
(D. N- Shah, Ph.D. Dissertation, Bom. Univ., 1951) did not isomerise under the condi- 
tions of the Fries reaction, the corresponding deacetylated acids having been recovered. 

Methy] 2:4-diacetoxybenzoate (I, R=COMe) on heating with aluminium chloride 
at 80°-90° gave a product to which the constitution, methyl 2:4-dihydroxy-3:5-diacetyl- 
benzoate, has been assigned on the following grounds: ‘i) its hydrolysis to the acid, 
2:4-dihydroxy-3:5-diacetylbenzoic acid (II, R,=H) which could be re-esterified to the 
original methyl ester, and (ii) the acid (11, R,=H) on decarboxylation gave the known 
2:4-diacetylresorcinol (IIT). 

At higher temperatures up to 180°, due presumably to hydrolysis, the free diacetyl 
acid (II, R,=H)was obtained instead of the corresponding ester; but a mono-ketonic 
product could not be isolated under any conditions. 

The Fries rearrangement of methyl 2:4-dibenzoyloxy benzoate (I, R=COPh) was 
not successful at 120°, but at 150°-155° it gave a mixture of the rearranged ester and the 
corresponding acid, which was separated by sodium bicarbonate treatment. The acid 
was identified as 2:4-dihydroxy-5-benzoylbenzoic acid (IV, R,=H) by its decarboxy- 
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lation to 4-benzoylresorcinol. The methyl ester of this acid (IV, R,=H) was prepared 
and found identical with the ester obtained by the Fries rearrangement. At 180° only 
the keto-acid was formed. In this migration, the diketonic acid was not obtained. 

The 4-acetoxy ester of 8-resorcylic acid rearranged at 140°-150° to 2:4-dihydroxy-s- 
acetylbenzoic acid, identified by its decarboxylation to resacetophenone. At 160°-165°, 
a mixture of the above monoacetyl acid and the diacetyl acid, 2:4-dihydroxy-3:5-diacetyl- 
benzoic acid (II, R, =H) was obtained, the partial separation of which was effected by 
hot water. But a large quantity of it could not be easily separated by the above 
method. The following method was found useful. The mixture was subjected to decar- 
boxylation with acidulated water, whereupon the diketonic acid was decarboxylated to 
2:4-diacetylresorcinol aud the 2:4-dihydroxy-5-acetylbenzcic acid was obtained on 
treatment with sodium bicarbonate. At higher temperature {180°-185°), the diacetyl 
acid (11, R:=H) was the sole product. Thus, the increase in temperature results in 
substitution in the y-position also. 

2:4-Diacetoxybenzoic acid (V, R=COMe) gave on migration the expected 2:4- 
dihydroxy-3:5-diacetylbenzoic acid. 

The results show that the Fries isomerisation of methyl 2:4-diacetoxy-S-resorcylate 
takes place in the difficutly accessible y-position of the resorcinol nucleus. In the case of 
the diacetates of methyl 8-resorcylate and 8-resorcylic acid, evidence is not conclusive 
to decide which of the two positions (8 or 5 and y or 3) is occupied first, since only the 
diketonic derivatives have been obtained. On the other hand, 4-O-acetyl-8-resorcylic 
acid gives 5-keto derivative first and then at higher temperature, 3:5-diketo derivative 
is formed, y-substitution taking place. 

Methy] dibenzoyloxy-8-resorcylate gives only the 5-benzoy] derivative, though both 
the benzoyl groups are capable of migration. The results indicate that the second 
benzoyl group is eliminated. This behaviour is in conformity with the general obser- 
vation that an aroyl group behaves differently from an aliphatic acyl one. It is interest- 
ing to note that no y-substitution has been found to take place in the case of the benzoyl 
esters. 

Incidentally the work described in this paper affords a convenient method of prepar- 
ing 2:4-diacetylresorcinol. Further work is in progress. 


, COMe COMe 
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EXPERIMENTAL 
Fries Migration of Methyl 2:4-Diacetoxybenzoate 


Methyl 2:4-diacetoxybenzoate (I, R=COMe), required for this investigation, was 
prepared by heating a mixture of methyl f-resorcylate (10 g.) (Robinson and Shah, J. 
Chem. Soc., 1934, 1496), acetic anhydride (15 g., excess) and fused sodium acetate (ro g.) 
for 3 to 4 hours on a water-bath. The heavy oil obtained on pouring the reaction 
mixture into cold water solidified on stirring. ‘The brown solid was collected and crys- 
tallised from alcohol as long thick needles, m. p. 62-63°, yield 7-8 g. (Found: C, 56.9; 
H, 4.6. Cale. for C,.H,.0.: C, 57.1; H. 4.7 per cent). 

Migration of (I, R=COMe): Formation of Methyl 2:4-Dihydroxy-3:5-diacetyl- 
benzoate (II, R,=Me).—The ester (3 g., 1 mol.) and anhydrous aluminium chloride 
(5.1 g., 3-3 mols.) were intimately mixed and heated at 90° for about an hour. The 
solid obtained after decomposition of the reaction mixture by ice and hydrochloric acid 
(5 c.c.) crystallised from alcohol as colorless needles, m.p. 112-13°, the mixed m.p. with 
methyl f8-resorcylate was considerably depressed. (Found: C, 56.9; H, 4.7. Calc. for 
C,2Hi20,: C, 57.1; H, 4.76 per cent). 





The product dissolves in sodium hydroxide with non-fluorescent yellow colour and 
gives an intense red colour with alcoholic ferric chloride. 


The semicarbazone, prepared by the usual method, melted at 254-55° (decomp.). 

The hydrolysis of the above keto-ester (1.0 g.) by sodium hydroxide (20 c.c., 10%) 
by keeping at room temperature for 20 hours, gave 2:4-dihydroxy-3:5-diacetylbenzoic acid 
(11, R,=H), crystallised from dilute alcohol, m.p. 176-77° ‘{decomp.}. (Found: C, 
55-1; H, 4.0; equiv., 237.1. C,,H,oO. requires C, 55.4; H, 4.2 per cent. Equiv., 238.0). 

It gives a deep red colour with alcoholic ferric chloride and dissolves with yellow 
colour in sodium hydroxide. It is soluble in common organic solvents but is sparingly 
so in benzene and petrol. 

The Fries migration of the diacetoxy ester (I, R=COMe) was investigated at diffe- 
rent temperatures: at 120°, it gave a brownish product. It was purified by sodium 
bicarbonate treatment. It crystallised from dilute alcohol as small granules, m.p. and 
mixed m.p, with the acid described above (II, R, =H), 176-77° (decomp.). The same 
acid was also obtained by the migration at 160° and at 180°. 

The semicarbazone of the keto-acid, prepared as usual, did not melt up to 


° 


270°. The methyl ester obtained from the acid by refluxing with methyl alcohol and 
sulphuric acid (2 drops) melted at 112-13° and was identical with (II, R, = Me) in 
all respects. 


Decarboxylation of the Diketo-acid (11, Rj=H): Formation of 2:4-Diacetylresor- 
cinol (I1II).—The acid (0.5 g.} was refluxed with water ‘75 c.c.) containing a few drops 
of hydrochloric acid for 15-18 hours on a sand-bath. On cooling the reaction mixture, 
the solid obtained was crystallised from dilute alcohol as silky needles, m.p. 86-87°. 
(Found: C, 61.5; H, 5.2. Cale. for CyoHiV.: C, 61.8; H, 5.1 percent). Baker (/. 
Chem. Soc., 1934, 71) and Desai and Ekhlas (Proc. Ind. Acad. Sci., 1938, 8A, 200) 
give the same m-p. 
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The Kostanecki acetylation of 2:4-diacetylresorcinol gave 3-acetyl-2:2’-dimethyl- 
benzo-di-1:4-pyrone. It crystallised from dilute alcohol as small colorless needles, m.p. 
210-11°. Witting, Baugert and Richter (Annalen, 1925, 446, 155) give the same m.p. 


Fries Migration of Methyl 2:4-Dibenzoyloxybenzoate 


Methyl 2:4-dibenzoyloxybenzoate (I, R=COPh), prepared by Schotten-Baumann 
method, was crystallised from alcohol in small colorless needles, m.p. 112-13°, yield 50%. 
(Found: C, 70.55; H, 4.2. Calc. for C.2H,.Q.: C, 70.2; H, 4.2 per cent). 

Migration of (1, R = COPh): Formation of Methyl 2:4-Dihydroxy-5-benzoyl- 
benzoate (IV, R,=Me) and 2:4-Dihydroxy-5-benzoylbenzoic Acid (IV, R,=H).—(i) 
An intimate mixture of methyl 2:4-dibenzoyloxybenzoate (3 g., 1 mol.) and anhydrous 
aluminium chloride (3.5 g., 3.3 mols.) was heated at 110°-120° till the evolution of HC! 
gas had slowed down. The reaction mixture was decomposed by ice and hydrochloric 
acid (5 c.c.) and the solid obtained was crystallised from alcohol, m.p. 112-13°, identified 
as the unchanged dibenzoate by the mixed melting point with the original ester. 

(iii) ‘The migration of the ester was carried out as before at 150°-155°. ‘The pro- 
duct obtained did not melt sharply even after repeated crystallisations (m.p. 160°-180°).. 
When treated with dilute sodium bicarbonate solution (5%), a part of it went into 
solution with effervescence. It was filtered off. The insoluble solid was washed with 
water and crystallised from methyl alcohol as clusters of silky needles, m.p. 129-30°, 
yield 0.5g. (Found: C, 66.2; H, 4.5- CisHi20; requires C, 66.1; H, 4.4 per cent). 

The alkaline filtrate on acidification gave a colorless solid which was crystallised 
from dilute alcohol in small needles, mi.p. 229-30° (decomp.). (Found: C, 64.9; H, 3.9; 
equiv., 256.8. C,,H,,O; requires C, 65.1; H, 3.9 per cent. Equiv., 258). 

Both the ester and the acid are soluble in sodium hydroxide with deep yellow 
colour and give intense red colour with alcoholic ferric chloride. Both are soluble in 
organic solvents but the acid is sparingly soluble in benzene and petrol. 

(iii) The migration at 170°-180° gave the acid (IV, R, =H) only, unaccompanied 
by any trace of the ester, hydrolysis occurring during the migration. 

The semicarbazone of the keto-ester crystallised from dilute acetic acid, did not 
melt up to 270°. The hydrolysis of the keto-ester by alkali gave the acid (IV, R,=H), 
identified by the mixed melting point. 

The esterification of the acid (IV, R, =H) by methyl alcohol and a few drops of sul- 
phuric acid gave methyl 2:4-dihydroxy-5-benzoylbenzoate, identified by the mixed 
melting point with the ester obtained before. 

The decarboxylation of the acid (0.5 g.) by heating it with dilute hydrochloric acid 
({r:1, 10 c.c.) in a sealed tube at 160°-170°, gave 4-benzoylresorcinol. The melting point 
and the mixed melting point with an authentic specimen, prepared by Hoesch method 


(Ber., 1915, 48, 1130), was 143-44°. 


Fries Migration of 4-Acetoxy-2-hydroxybenzoic Acid 


2-Hydroxy-4-acetoxybenzoic acid (V, R=H) was prepared by heating a mixture 
of f8-resorcylic acid (10 g.), acetic anhydride (10 c.c.) and fused sodium acetate on a 
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water-bath for 3 to 4 hours. On dilution with water, no solid separated; on adding 
hydrochloric acid a white solid separated which was crystallised from water as long 
needles, m.p. 149-50°, yield 5-6 g. (Found: C, 55.1; H, 3.9; equiv., 195.5. Calc. for 
C,.H,O;: C, 55.10; H, 4.1 percent. Equiv., 196). It gives a purple colour with 
alcoholic ferric chloride and a red colour with aqueous ferric chloride. 

Migration of (V, R=H): Formation of 2:4-Dihydroxy-s-acetylresorcylic Acid.— 
The acid (5 g., 1 mol.) and anhydrous aluminium chloride ‘11.2 g., 3.3 mols.) were 
heated at 140°-145° for about one hour as before and treated accordingly. The product 
was repeatedly extracted with sodium bicarbonate solution. The alkaline solution on 
acidification gave a solid which was crystallised from a large quantity of hot water in 
needles, m.p. 254-55° ‘decomp.). It gave a deep red colour with alcoholic ferric 
chloride. (Found: C, 54.92; H, 4.2, equiv., 194.2. Cy)H,O; requires C, 55.1; H, 4.08 
per cent. Egquiv., 196). 

The semicarbazone of the 5-keto-acid remained unmelted up to 280°. The methyl 
ester of the keto-acid, prepared by methyl alcohol-sulphuric acid method was crystallised 
in silky needles, m.p. 123-24°. The mixed m.p. with an authentic sample prepared acc- 
ording to Desai and Radha ‘Proc. Ind. Acad. Sci., 1940, 12A, 43) was undepressed. The 
hydrolysis of this ester by sodium hydroxide (10 %j gave the original acid, identified 
by mixed melting point. The decarboxylation of the 5-keto-acid (0.5 g.) by heating 
in a sealed tube with acidulated water at 160°-170° for 4 to 5 hours, gave 2:4-dihydroxy- 
acetophenone (resacetophenone), m.p. 143°, mixed m.p. with an authentic sample was 
unchanged. 

The above migration of the acid (V, R=H) at 160°-165° for one hour gave a product 
which was extracted with sodium bicarbonate solution. The insoluble residue could 
not be made to crystaliise from any solvent. ‘he alkaline solution on acidification 
gave a product which could not be purified satisfactorily. It was boiled with a 
large quantity of water and filtered hot. The filtrate on cooling gave needles which 
on crystallisation from dilute alcohol (20 %) melted at 176-77° (decomp.), identified as 
the acid (II, R, =H) by the mixed meitiug point. ‘The insoluble portion was repeatedly 
boiled with water to remove the acid (Il, R,=H). Finally, the residue was crystallised 
from water containing little alcohol as needles, m.p. 254-55° (decomp.), mixed melting 
point with 2:4-dihydroxy-5-acetylbenzoic acid, described above, was undepressed. 

The mother-liquors, aqueous as well as alcoholic, from which the above two acids 
were separated, were combined together and an appreciable quantity of the mixture of 
the two acids separated out. The whole mixture was refluxed for 12 to 14 hours after 
adding a few drops of concentrated hydrochloric acid. On cooling, a colorless solid 
separated which was treated with sodium bicarbonate solution. A part of the solid 
remained undissolved. It was crystallised from dilute alcohol in long silky needles, 
m.p. 86-87° ; mixed m.p. with an authentic sample of 2:4-diacetylresorcinol (IJI) was 
unchanged. The sodium bicarbonate extract on acidification by dilute hydrochloric 
acid gave a white product, identified as 2:4-dihydroxy-5-acetylbenzoic acid by mixed 
melting point. The above migration at 180°-185° for one hour gave the product which 
after usual treatment by sodium bicarbonate for purification was crystallised from 
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dilute alcohol, m.p. and the mixed m.p. with 2:4-dihydroxy-3:5-diacetylbenzoic acid 
(II, R,=H) was 176-77° (decomp.). Nota trace of 2:4-dihydroxy-5-acetylbenzoic acid 
was obtained in this experiment. 

The diketo-acid obtained in both cases was further confirmed by preparing its 
methyl ester ‘IJ, R, = Me). 


Fries Migration of 2:4-Diacetoxybenzoic Acid 


2:4-Diacetoxybenzoic Acid (V, R=COMe) —-Resorcylic acid ‘10 g.), acetic anhy- 
dride (40c.c.) and anhydrous zinc chloride (2 g.) were heated together on a water-bath 
for 4to 5 hours. The reaction mixture was then cooled and poured over ice. A brown. 
nish solid cake separated on keeping it overnight. It was fiitered and purified through 
sodium bicarbonate treatment. The product was crystallised from hot water, m.p 
137-38°, yield, 5 g.(Found: C, 55.24; H, 4.11; equiv., 235.5. Cale. for C,,H,oV,: 
C, 55-46; H, 4.20 per cent. Equiv., 238). It does not give any colour with alcoholic 
ferric chloride. 

Fries Migration of (V, R=COMe): Formation of 2:4-Dihydroxy-3:5-diacetylben- 
zoic Acid (II, R,x=H).—The diacetoxy ester {5 g., 1 mol.) was mixed with aluminium 
chloride (9.8 g., 3.3 mols.) and heated to 150°-160° for one hour. The product, obtained 
after usual treatment, was extracted by sodium bicarbonate solution as before. The 
alkaline filtrate on acidification gave a yellowish product which crystailised from 
alcohol, m.p- and mixed m.p. with 2:4-dihydroxy-3:5-diacetylbenzoic acid (II, R,=H 
was 176-77° (decomp.), yicld 1.5 g. it gave on decarboxylation the known 2:4-di- 
acetylresorcinol (III). The migration at 175°-180° gave the same acid in diminished 
yield {0.8 g.) along with uncrystallisable residue. 
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STUDIES ON THE FRIES REARRANGEMENT. PART VI 
By A. B. SEN AnD S. S. Trwar! 


Fries rearrangement of nine esters of m-ethylphenol and eight esters of 3:5-dimethylphenol has 
been studied at two @ifferent temperatures with a view to investigating the nature of the products 
formed. 


The position taken up by the migrating groups in the Fries rearrangement is 
determined chiefly by the reaction temperature, the nature and the size of the acyl group, 
and the structure of the phenol. Rosenmund and Schnurr (Annalen, 1928, 480, 56) 
arrived at the conclusion that low temperatures favoured the formation of the para- 
hydroxyketones and high temperatures, those of the orlho-hydroxyketones. Auwers (Ber., 
1928, 61, 416, 1495; 1031, 64, 2216; Annalen, 1928, 460, 246; 1930, 483, 44) and 
Coulthard, Pyman and Marshall (J. Chem. Soc., 1930, 280) reported the formation of 
ortho-hydroxyketones under those conditions in which Rosenmund and Schnurr predic- 
ted and reported the formation of para-hydroxyketones. This observation has been 
substantiated by the work of Baltzly and Bass (J. Amer. Chem. Soc., 1933, 55, 4292) 
in cases of several aliphatic esters of meta-cresol. Thus, it was established in the case 
of m-cresol esters, that the size of the acyl groups and the meta-orientation of the 
phenol played an important réle in the orientation of the acyl groups. 


With this observation in view, we thought it of interest to study the Fries rearrange- 
ment of aliphatic esters of different meta-substituted phenols. In this paper, it has been 
studied in the cases of nine esters of meta-ethylphenol and eight esters of 3:5-dimethyl- 
phenol, both at low temperatures in nitrobenzene and at high temperatures (130°) without 
a solvent, and we come to the conclusion that with esters of higher fatty acids, the same 
ortho-hydroxyketones are obtained under both sets of conditions. The products con- 
form to the characteristic properties of ortho-hydrexyketones (Pyman’s test) and 
the hydroxyketones could be methylated with dimetiyl sulphate and 10% NaOH in 
the usual way. 

In the case of m-ethylphenol, the different methoxyketones yielded the same acid 
on oxidation with hot dilute aqueous solution of potassium permanganate. ‘This acid 
was identical with methoxyterephthalic acid ; thus the acyl group migrated to the ortho- 
position (OH: C,H; : acyl=1:3:6). 


sa OMe OMe 
we | (CHy's SO, ROCA» 3.5% KMa0, Hw i) 
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VE t Nat H 


VY COOH 
(Methoxyterephthalic acid). 


In the case of 3:5-dimethylphenol, the different methoxyketones on similar 
oxidation gave the methoxy-acid, as shown below: 
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mann reaction) 
EXPRRIMENTAL 


Eight new esters (both of m-ethylphenol and 3:5-dimethylphenol) were obtained by 
the action of the appropriate acid chloride on the appropriate pheno! in the presence of 
magnesium and benzene, following the method of Spasov ‘Chem. Abst., 1940, 2343"). 

The appropriate pheuol (0.1 M), anhydrous benzene (25 c.c.) and magnesium ribbon 
(1.2 g.) were taken in a 250 c.c. r.b. flask fitted with a reflux condenser carrying a 
calcium chloride tube and a dropping funnel. The appropriate acid chloride (o0.11M) 
was gradually added toit. The reaction mixture was heated at 90° for: hour. Magne- 
sium was filtered off, the benzene was distilled off, and the mixture was extracted with 
ether. The ethereal layer was washed with 1% caustic soda, then with water and dried 
over anhydrous sodium sulphate; the ether was distilled off and the residue distilled under 


recuced pressure. 


TABLE IA 
m-Ethylphenyl Yield of B.p. Mol. formula. Found Calc 
esters. ester. % C. %H %C % H. 
Propionate 84.3% 120°/4 mm. -CyyHy4O, 73.85 7.91 74.15 7.86 
Butyrate 93-3 144°/30 Cy2H 602 74.70 8.15 75.00 8.33 
Caproate 80.4 160°/21 Ci 4H Oe 76.15 8.9 76.37 9 09 
Heptoate 76.9 180° /20 CysHyO, 76.71 9-5 76.93 9-4 
Caprylate 76.1 154°/5 CipHyO2 77-53 9.81 77-76 9 67 
Caprate 76.08 190°/25 Ci gHyg02 78.01 10.32 78.27 10.14 
Laurate 73-9 220°/16 CopH 202 78.61 10.71 78.94 10.52 
Myristate 75»3 220°/10 Co9H3¢0, 79.28 10.67 79-52 10.84 
TABLE Ip 
3 :5-Dimethy!- Yield of B.p. Mol. formula. Found Calc. 
pheny! esters. ester. “ ¢. % H % C. % H. 
Propionate 84.3% 142°/25 mim. Cy HyO, 73.90 7.76 74.15 7.86 
Butvrate 90.0 145°/33 CigHy602 75.10 8.01 75.00 8.33 
Caproate 73-4 160°/13 Cyg4H 902 76.01 9.01 76.37 9.09 
Heptoate 937 180° /23 CjsH 9502 76.53 9.15 76.93 9.40 
Caprylate 73.0 200° / 25 CypH yO 77.37 9.70 77.78 9.67 
Caprate 75-0 240° /25 CysHog9 78.57 9-98 78.27 10.14 
Laurate 80.8 240° /20 Cy9H 3909 79.10 10.22 78.94 10.52 


Myristate 80.0 45° (m.p.) Co9H 3602 79.20 10.74 79-52 10.84 
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Fries Rearrangement of the Esters 


The Fries rearrangement was studied at 130° (without a solvent) in nitrobenzene 
at 25°, and in the case of myristate in CS, also. The general procedure followed is given 
below. 

Rearrangement at 130°.—Finely divided anhydrous aluminium chloride (0.1 M) 
was taken in a 125 c.c. r.b.flask fitted with a reflux condenser carrying a dropping funnel 
and a calcium chloride tube, and subsequently the ester (0.06 M) was gradually added 
to it. The evolution of hydrochloric acid commenced at 60°. ‘The temperature was 
gradually raised to 130° in an oil-bath. After 2 hours the reaction mixture was 
cooled, and to the red puffy mass dilute hydrochloric acid was added to de- 
compose the complex. ‘The oil separating was taken up in ether, washed successively 
with water, 1% sodium carbonate solution and then again with water. After dehydra- 
tion over anhydrous sodium sulphate, the ether was distilled off and the residue distilled 
under reduced pressure. 

Rearrangement at 25° in Nitrobenzene.—Finely powdered anhydrous aluminium 
chloriae (1.3 equiv.) in nitrobenzene (5 equiv.) was taken in a three-necked flask fitted 
with a reflux condenser carrying a calcium chloride tube, a dropping funnel and a mer- 
cury-sealed mechanical stirrer; the ester (1 equiv.) was gradually added, while the 
flask was cooled in ice. The mixture was stirred for 6 hours and the temperature was 
gradually allowed to rise to 25°. The mixture was poured on to ice and dilute hydro- 
chloric acid and steam distilled. No residue was obtained in the distillation flask. 
The distillate (containing ortho-hydroxyketone and nitrobenzene) was made alkaline 
with caustic soda solution and the nitrobenzene was taken up in ether. The aqueous 
layer was acidified with hydrochloric acid and the ketone isolated as in the previous case 

Rearrangement in CS,.—The powdered anhydrous aluminium chloride (2.8 M) and CS, 
(6 M) were taken in a 125 c.c. r.b flask fitted with a reflux condenser carrying a dropping 
funnel and a calcium chloride tube and the ester (1 equiv.) was gradually added to it. 
The mixture was heated in a steam-bath for 2 hours. CS, was distilled off and the 
temperature was raised to 130° and kept at this temperature for 2 hours. The rest of 
the procedure for isolation of the ketone was the same as in the case of the rearrangment 
at 130°. 

The distillate gave an intense red-violet colour with ferric chloride and on addition 
of dilute caustic soda, a yellowish red precipitate was obtained. It thus conformed to 
Pyman’s tests for ortho-hydroxyketones (Pyman and Marshall, loc. cit.). The ortho- 
hydroxyketones thus obtained were converted into their 2:4-dinitrophenylhydrazones 
which were recrystallised from glacial acetic acid. 

In the cases of capriophenone, laurophenone and myristophenone of 3:5-dimethyl- 
phenol, p-nitrophenylhydrazones were prepared which were recrystallised from alcohol; 
p-hydroxyketone was not obtained in any case. 


Synthesis of 1-Methoxybenzene-3:5:6-tricarboxylic Acid 


(a) Synthesis of  2-Hydroxy-4:6-dimethylbenzaldehyde.—It was obtained by 
following the method of Tiemann ef al (Ber., 1878, 11, 773) for the preparation of 2-hy- 
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droxy-4-methylbenzaldehyde from 20 g. of the dimethylphenol, 55g. of caustic soda 
dissolved in 60 c.c. of water, and 30 c.c. of chloroform, b.p. 140°/29mm., yield 11 g. 
(Found: C, 71.82; H, 6.50. CyH,.0, raquires C, 72.00; H, 6.27 per cent). 

(b) 2-Methoxy-4 6-dimethylbenzaldehyde.—The hydroxyaldehyde (4 g.}) was 
methylated with 4 g. of methyl iodide and 5 g. of potassium hydroxide dissolved in 50 c.c. 
of methanol in the usual way, b.p. 125°/28 mm., yleld 2.4 g. (Found: C, 72.75; 
H, 7.21- CioHi202 requires C, 73 17; H, 7.32 per cent). 

‘c), ‘The dimethylmethoxy-aldehyde was oxidised by refluxiug it with 175 c.c. of 
3.5% KMnQ, solution (added in three instalments) on a sand-bath. After 6 hours (the 
oxidation was complete as the solution was no more decolorised) the solution was filtered 
and the filtrate concentrated and acidified. The acid that separated out was recrys- 
tallised from water, m.p. 230°, yield 0.45 g. (Found: C, 50.43; H, 2.86. C,.Hs0; 
requires C, 50.0; H, 3.34 per cent). 


Methoxyketones and their Oxidation Products 


(a). The methoxyketones were obtained by methylating the individual ketone 
(1M) with freshly distilled dimethyl sulphate (40 g.) and 10 % caustic soda solution 
(25 g.) dissolved in 250c.c. of water at room temperature and then with the same 
quantities of these reagents after warming the reaction mixture on the water bath. 
‘The reaction mixture was subsequently heated on the water-bath for 5 hours. The 
methoxyketones were isolated in the usual way. 

(b). The methoxyketone ‘0.1M) was oxidised with excess of 3.5% aqueous 
potassium permanganate ‘o.9M) in the usual way. The acids so obtained were 
crystallised from water. 

(I) The acid obtained by the oxidation of 2-methoxy-4:6-dimethylphenyl ketones on 
analysis (vide Table 1V) gave C,50.21; H, 3.34. CioHsO; requires C, 50.0; H, 3.34%. 

(II) The acid obtained by the oxidation of 2-methoxy-4-ethylphenyl ketones 
(vide Table 1V) gave C, 54.54; H, 4.04. C)H,O; requires C, 55.1; H, 4.08%. 


TABLE LIA 


Ketones. Yield of ketone Found. Calc. 
(R =2-hydroxy- at 133° at 25° in B.p. ” C, % A. oC , H. 

4-ethyi). withcut solvent. PhNO,. 
R-acetophenone 87.1 % 88.9 % 140°/4mm. 72.93 26 73-17 7.32 
R-propiophenone 89.3 91.6 146°/5 73-86 7-68 74-15 7-86 
R-butyrophenone 38.1 89.1 180°/15 74-75 8.74 74-91 8.33 
R-caprophenone 86.7 87.8 170°/18 76.12 8 91 76.37 9.09 
R-heptophenone 88.3 90.9 176°/4 76.72 9.27 76.93 94 
R-caprylophenone $3.8 83.9 200° / 28 77-53 9-55 77 76 9.67 
R-capriophenone 83.3 85.7 200° /30 77.98 9.96 78.27 10.14 
R-laurophenone 73-4 75.0 230°/28 78.79 10.41 78.94 10.52 
R-myristophenone 72.7 75:0 250°/29 79.34 10.77 79.52 10.84 


The M.W. of the ketones are the same as that of the respective esters from which they have been 
prepared by the Fries rearrangement. 
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TABLE II B 


Ketones. Yield of ketone Found, Cale. 
(R =2-hydroxy- at 130° at 25° in B.p. Ec. % H. ” C. % Hi. 
4 :6-dimethyl-) without PhNOy,. 
solvent. 

R-propiophenone 95.0 % 95-9 % 150°/2mm. 73.65 7.70 74.15 7.86 
R-butvrophenone 86.2 90.0 5:°(m.p.) 74.31 8.90 74.91 8.33 
R-caprophenone 75.0 83.3 180° /20 76.00 8.90 76 37 9.09 
R-heptophenone 62.5 72.7 160°/5 76.38 9-30 79.93 9-40 
R-caprvlophenone 80.0 81.7 180°/3 77.28 9-35 77-70 9 67 
R-capriophenone 697 75.0 190°/2 78.80 9 78 78.27 10.14 
R-laurophencne 60.0 66.7 200°/2 79-15 10.60 78.94 10.52 

55-5 220°; 2 80.00 10.74 79-52 10.34 


R-myristophenone (i) 50.0 


»» (in CSg) (ii) 50.5 
The M.W. of the ketones are the same as that of the respective esters from which they have been 
prepared. 
Tasre III 


Dinitrophenvlhydrazones M.p. Mol formula. Found. Calc, 


oO 
(R=2-hydroxy-4-ethy]-) 


R-acetophenone 108° CygHgO5Ny N, 15.95% N, 16.28% 
R-prupiophenone 175° Cy7HygO5N4 15.34 15.64 
R-butyrophenone 151° CigHaOsNq 14.81 15.00 
R-caprophenone 146° CopHggO3Ny 13-75 14.00 
R-heptophenone 143° CoH agO5N4 13.18 13 53 
R-caprylophenone 136° CogHogO5Nq 12.86 13.08 
R-capriophenone 108° CygH9205N, 11.96 12.28 
R-laurophenone go° CygHygO5Ny 11.27 11.50 
R-myristophenone 48° CopgHygOsNy 10.27 10.93 


(R=2-hydroxy-4 :6-dimethvl-) 


R-propiophenone 173° Cy7HygO5Nq 15.14 15.64 
R-butvrophenone 185° CigHa905N4 15.40 15.00 
R-caprophenone 190° CopH yO5N, 13.60 14.00 
R-heptophenone 165° CoH ¢O5N 4 13.23 13-53 
R-caprylophenone 180° CogHagO5Nq 12.48 13.08 


Iinitrphenylhydrazones of 
R-capriophenone 185 Ca4H3303N3 10.62 10.22 
R-laurophenone 190° CogH3703N3 9.90 9-57 


R-myristophenone 195° CygHyOsN3 9.88 ).42 











Methoxy compounds of _— Yield. 

(R=2-hydroxy-4-ethy] } 
R-acetophenone 92% 
R-propiophenone 87 
R-butyrophenone 80.1 
R-caprophenone 89.5 
R-heptophenone 90.4 
R-caprylophenone 79 
R-capriophenone 83.3 
R-Jaurophenone 82 
R-myristophenone 86 


(R =2-hydroxy-4 :6-dimethy!-) 


R-propiophenone 75.0 
R-butyrophenone 85.0 
R-caprophenone 76.3 
R-heptophenone 61.3 
R-caprylophenone 73.0 
R-capriophenone 74.6 
R-Jaurophenone 75.4 
R-myristophenone 73-8 
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TABLE IV 


B.p. Mol. formula. 


160°/15 mm. 
215°/29 
150°/35 
165°/36 
195°/40 
182°/35 
165°/36 
105°/35 


54° (m_p.) 


175°/36mm. 
44° (m.p.) 
180°/56 mm 
205°/36 
200°/ 40 
220°/39 
220°/35 


230°/45 


Cy Hy, 
CywH 6% 
Ci3HsO2 
Ci5H2,02 
Ci6H yO» 
Cy7H 502 
CigH 3909, 
CoH 
Co3Hyg02 


Cig 602 
Ci2His93 
C\sH2203 
CypH yO 
CyH 0; 
CigH 392 
CyH yO, 
CoH yO, 








Found. Cale. 

% C. % H. % C. % H 
73.86 7.71 74.16 7.86 
74.89 8.22 75.0 8.33 
75-42 8.51 75-72 8.73 
76.71 9.2 76.93 9.4 

77.50 9.56 77-76 9-67 
77-66 9.78 77.86 9.92 
78.44 10.19 78.62 10.34 
78.95 10.82 79.24 10.91 
79.69 10.87 7976 ~=10.98 
74-75 8.25 75-00 8.33 
75-51 8.62 75-72 8.73 
76.69 9.18 76.93 9.40 
77:58 9-49 77-42 9.67 
77.68 9.80 77.86 9.92 
78.33 10.22 78.62 10.34 
79.01 10.78 79-24 10.91 
79-58 10.77 79.76 10.98 
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CONDENSATION OF ALDEHYDES WITH MALONIC ACID. PART XXIV. 
OF m-HYDROXYBENZALDEHYDE AND SEVEN OF ITS HALOID DERI- 
VATIVES: 2-CHLORO-, 2:6-DICHLORO-, 2:4:6-TRICHLORO.-, 4-BROMO., 
2:4:6-TRIBROMO.-, 6-IODO- AND 2:4:6-TRI-IODO- 
3-HYDROXYBENZALDEHYDES 


By Kantiat C. Panpya, (Miss) Rayani Bata K. PANpyA AND RAGHU NATH SINGH 


Seven halogenated (chlorinated, brominated and iodinated) derivatives of m-hydroxybenzaldehyde 
as well as m-hydroxybenzaldehyde itself, have been condensed with malonic acid, under the influence 
of pyridine (0.16 mol ), pyridine acetate and glacial acetic acid. The halogen increased the speed of the 
reaction and the yield remained quantitative generally. In some cases the increase in the yield was 
countered by the greater unstability of the condensation products on account of the heavier halogen atom 
or atoms. Nine new acids, thus derived from m-hydroxybenzaldehyde and its halogen derivatives, have 
been prepared and described for the first time. 


The condensation, in the presence of 0.16 mol. of pyridine, of m-hydroxyben- 
zaldehyde with malonic acid was reported first by Pandya and Vahidy (Proc. Ind. Acad. 
Sci., 1936, 4A, 144), with a 100% yield of m-coumaric acid. The corresponding di- 
basic acid, m-hydroxybenzylidene-malonic acid, also has now been obtained in about 90% 
yield, for the first time, on modifying slightly Stuart’s method (J. Chem. Soc., 1888, 
53, 142). Pyridine acetate has also been found to be as effective a condensing agent as 
pyridine. Triethanolamine and 2-aminopyridine, that were tried in some cases, induced 
only a low yield. 


Lock and Bayer’s observation ‘Ber., 1939, 72, 1064) that, when one or more hy- 
drogen atoms of aromatic ring are replaced by one or more halogen atoms, the conden- 
sation in Perkin’s reaction is noticeably quickened and the yields are increased, 
is found true also in the aldehyde-malonic acid and aldehyde-malonanilic acid conden- 
sations in the presence of pyridine (0.16 mol.), carried out in this laboratory (1941 and 
onwards, Pandya and co-workers, vide parts XXV and XXVIII, to be published later). 
The use of a few c.c. of absolute alcohol, in addition, as a solvent for the reacting 
mixture has helped very much and has enabled the reaction to go on at a lower tempera- 
ture. 


In the normal condensations of benzaldehyde, cinnamaldehyde and so on, both 
the monobasic and the dibasic (benzylidene-malonic) acid derivatives are generally 
obtainable. The dibasic acids are easily decarboxylated into the monobasic acids 
by the use of a higher temperature, of a longer heating time, or of decarboxylating 
bases ‘pyridine or quinoline) in excess. In several cases, however, the dibasic acid alone 
is obtained and is often not decarboxylated into the monobasic (Pandya et al., Proc. 
Ind. Acad. Sci., 1941, 14A, 112; 1945, 22A, 400; 1948, 27A, 240; this Journal, 1947, 

437, 447; 1948, 25, 96). In the present paper, the m-hydroxybenzaldehyde and 
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its 4-bromo derivatives have yielded both the mono- and the dibasic acids, while the 2- 
chloro-, 2:6-dichloro- and the 6-iodo derivatives have afforded the monobasic acids alone, 
and the three trihaloid derivatives, only the corresponding dibasic acids. 

The best yields were generally obtained with 0.16 mol. of pyridine, on the water- 
bath, or often at ro0°-tro°. No reaction had been observed to take place in the absence 
of a condensing agent, except in the case of the 4-bromo-3-hydroxybenzaldehyde. 

Reactions on the lines of Vorsatz (J. prakt. Chem., 1936, 145, 265) or of Robinson 
and Shinoda (J. Chem. Soc., 1925, 1077) gave usually sinaller yields. 


ExPERIMENTAL 


The three chloro derivatives were prepared by the methods of Hodgson and Beard 
(J. Chem. Soc., 1926, 152) and of Krause (Ber., 1899, 32, 122). The yield of the trichlo- 
ro derivative was 53.4%; Krause did not give the yield, though the melting point was 
the same (115-16°). 

4-Bromo-3-hydroxybenzaldehyde was obtained by direct bromination. m-Hydroxy- 
benzaldehyde (6.1 g.) was dissolved in 24 c.c. of warm giacial acetic acid, and 2.6c.c. 
bromine were added dropwise with continued shaking. The flask was then left overnight 
in cold water. The greenish precipitate, when filtered and washed with glacial acetic 
acid, gave white crystals (m.p. 129°), which after recrystallisation (alcohol) melted 
finally at 132°, yield 52%. (Found: Br, 39.46. C;H;O.Br requires Br, 39.80 per cent). 
In this and other bromine estimations by Stepanoff’s method, the absolute alcohol was 
previously treated in the manner recommended by Kay and Haywood (J. Soc. Chem. 
Ind., 1944, 68, 384). 

2:4:6-Tribromo-3-hydroxybenzaldehyde, m.p. 119°, was prepared in 91% yield by 
the method of Krause (loc. cit.). 

6-lodo-3-hydroxybenzaldehyde could be prepared by the method of Hodgson and 
Smith (J. Chem. Soc., 1936, 76), but it was more easily prepared by applying the 
method of Varma and Miss Yashoda (this Journal, 1930, 16, 437). m-Hydroxybenzal- 
dehyde (3.6 g.) was dissolved in 30 c.c. of strong ammonia (28%) and iodine (7.5 g.), 
dissolved in an aqueous solution of potassium iodide (22.5 g.), was added with con- 
stant stirring. A yellow precipitate was first formed but it soon disappeared. The 
whole was set aside for 1 hour. Resin was filtered off, and the filtrate on acidification 
with dilute hydrochloric acid gave first a yellow turbidity that developed soon toa 
heavy precipitate. It was filtered, washed and recrystallised (alcohol), m.p. 130° (same 
as given by Hodgson etal.), yield 67%. (Found: 1, 50.98. Calc. for C;H,O.I : I, 51.2 
per cent). 

2:4:6-T ri-iodo-3-hydroxybenzaldehyde was prepared by Hodgson and Smith’s me- 
thod {loc. cit.), m.p. 146°, yield 70%. 

Condensaiions of m-Hydroxybenzaldehyde 


(a) In the presence of Bases.--Pandya and Wahidy’s éxperiment (loc. cit.) was 
repeated with the same results and m-coumaric acid came out in quantitative yield. 
When the reactants contained a higher proportion of malonic acid, the product and 
the yield were the same as before, as in the case of condensation with p-hydroxbenzal- 
dehyde, but not as in the condensation of salicylaldehyde. 
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Application of Vorsatz’s method (3 months) (loc. cit.) gave a product melting with 
slight effervescence between 190° and 199°. The melting point did not improve on 
repeated recrystallisations, but alkaline titration showed it to be a mixture of the mono- 
basic and the dibasic acids. (Found: Equiv., 144.9. Calc. for coumaric acid, C,H,0O,: 
equiv., 164 and for hydroxybenzylidene-malonic acid, C,,H;O;: equiv., 104). 

2-Aminopyridine gave a poor yield of 6% when taken in 1:1:0.16 mol. proportion; 
the yield of m-coumaric acid rose to 18% when the molecular proportion was 1:1:1. 

(b) In the presence of Pyridine Acetate.—The aldehyde, malonic acid, pyridine 
and glacial acetic acid (1:1:0.16:0.16 mol.) were heated on a water-bath for 8 hours. 
The condensation was quick and afforded a yield 99% of m-coumaric acid. 


(c) In the presence of Glacial Acetic Acid.—The aldehyde, malonic acid and glacial 
acetic acid (1:1:3 mol.), heated for 8 hours on a water-bath and kept for 4 days at room 
temperature, gave crystals, m.p. at 150° with considerable effervescence, yield 90%. 
(Found: Equiv., 103.6. Calc. for C,;,,H,O,;: Equiv., 104). 


Condensations of 2-Chloro-3-hydroxybenzaldehyde 


(a) The aldehyde, the acid and pyridine (1:1:0.16 mol.) with ro c.c. of absolute 
alcohol were heated (10 hours) on a water-bath. A vigorous effervescence continued 
during the first hour. A few crystals were obtained that increased on keeping overnight. 
After being filtered, washed and dried they melted at 220°, and after recrystallisation 
(alcohol), finally at 223°. The acid is insoluble in water, and soluble in alcohol, benzene 
and ether. It decoiorised Baeyer’s reagent and bromine water, yield 96%. (Found: 
Equiv., 199; Cl, 18.2. C,H,O,; Cl requires equiv., 198.5; Cl, 17.9 per cent). 

Vorsatz's methed (loc. cit.) gave the same monochlorohydroxycinnamic acid, yield 
(3 weeks) 89%. 

(b) In the presence of Glacial Acetic Acid.—Stuart’s method (loc. cit.), using 
1:1:6 mols. and heating on a water-bath for 10 hours, gave an identical! product, yield 
61%. With 3 mols. of acetic acid and 12 hours’ heating also, the yield remained the 
same. 

ic} With no condensing Agent.—No product was obtained, even after heating for 
8 hours at 110°. 


Condensation of 2:6-Dichloro-3-hydroxybenzaldehyde 


(a) In the presence of Pyridine.—The aldehyde, the acid and pyridine (1:1:0.16 
mol.) with 10 c.c. of absolute alcohol were heated for 8 hours on a water-bath. The 
crystals, obtained after filtering, washing and drying, melted at 167°; after recrystallisa- 
tion alcohol) the pure acid melted at 169°, yield 91%. It had the same solubility and 
chemical properties as the 2-chloro-3- hydroxycinnamic acid (above). (Found: Equiv., 
232; Cl, 30.66. Cale. for CyH,O,Cl,: Equiv., 233; Cl, 30.54 per cent). 

Vorsatz’s method in three weeks gave the same product in 82% yield. 

(b) In the presence of Acid.—Stuart’s method (loc. cit.) with 3 mols. of glacial 
acetic acid and 12 hours’ heating on a water-bath gave the same acid in 52% yield. 


(c) No product was obtained in the absence of any condensing agent. 
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Condensation of 2:4:6-Trichloro-1-hydroxybenzaldehyde 

(a) In the presence of Bases.—The aldehyde, the acid and pyridide (1:1:0.16 mol.) 
were heated on a water-bath for 6 hours. After fusion, the mixture began to solidify 
in 14 hours. Ether took out some unchanged aldehyde, while the condensation product 
(recrystallisation from alcohol) melted at 240-41° with effervescence. Its solubility 
was the same as that of the mono- and dichlorv-acids, and it decolorised Baeyer’s reagent, 
yield 80%. (Found: Equiv., 156.0; Cl, 33.63. Calc. for C,,H;O;Cl;: Equiv., 155.75; 
Cl, 34.18 per cent). 

When the condensation was carried out at 105°-110° (6 hours’ heating), resolidifi- 
cation after fusion took place within one hour. No unused aldehyde was recovered, and 
the yield of the trichlorohydroxybenzylidene-malonic acid was 100%. With three moles 
of malonic acid (instead of one), the same dibasic acid came out in a quantitative yield. 

Robinson and Shinoda’s method ‘loc. cit.) gave only 60% yield, while Vorsatz’s 
method (3 months) gave 66% yield. 

(b) No condensation took place in the absence of any condensing agent, and even on 
heating for 22 hours no product was isolated. 


Condensation of 4-Bromo-3-hydroxybenzaldehyde 


(a) In the presence of Bases.—The aldehyde, the acid and pyridine (1:1:0.16 
mol.) were heated on a water-bath for 6 hours. Within ten minutes effervescence 
started and the mass became brown ¢ liquid; resolidification took place in an 
hour, showing a quick reaction. The pruduct was a white solid, m.p. 222°. When 
washed with cold water and recrystallised (hot water), it melted at 229°, yield 92% 
(the crude acid, 100%). (Found: Equiv., 241.6; Br, 32.70. C,H,O, Br requires equiv., 
243; Br, 32.90 per cent). When the heating was extended to 8 horus, the yield of the 
pure acid was about 100%. 

Vorsatz’s method, in eight weeks, gave 91% of the pure acid and 99% of the crude 
acid. 

(b} In the presence of Acetic Acid.—A mixture of the aldehyde, malonic acid and 
glacial acetic acid (1:1:3 mols.) was heated on a water-bath for 8 hours (Stuart's 
method). It melted to a homogeneous liquid in one hour, but there was no effervescence 
throughout the heating. At the end the acetic acid was partially evaporated, and the 
bulk that remained was kept in a desiccator with lime and potassium hydroxide. Crystals 
appeared on the sixth day. Washed with ether and cold and hot benzene, and recry- 
stallised from hot benzene, the pure dibasic acid melted with effervescence at 204°, yield 
28%. (Found: Equiv., 142.8; Br, 27.68. C,,H;O;Br requires equiv., 143.5; Br, 27.87 
per cent). The yield increased to 37% when the reactants were in 1:2:7 molar propor- 
tion, and the heating was for 13 hours. 

In the presence of Triethanoiamine.—The aldehyde, the acid and the base (1:1:6 
mol.) were heated for 1o hours on a water-bath. Effervescence started slowly and com- 
plete fusion needed two hours. When the resinous mass was treated next morning with 
dilute hydrochloric acid and then extracted with ether, the same dibasic acid came out 
in 35.3% yield. ‘Triethanolamine hydrochloride, melting at 177°, was obtained on evapo- 
rating the aqueous layer (Heilbron and Burnbury, ‘‘Dictionary of Organic Chemistry”’, 


1936). 
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‘c) With no Condensing Agent.—Two experiments of heating the aldehyde and 
malonic acid (1:1 mol.) alone and at 100°-112° for 11 and 24 hours respectively, 
showed no effervescence and left a hard cake with two distinct layers (yellow and dirty 
brown). The same dibasic acid was obtained in 28% and 42% respectively. 


Condensations of 2:4:6-Tribromo-3-hydroxybenzaldehyde 


(a) In the presence of Bases.—The aldehyde, acid and pyridine (1:1:0.16 mol.) 
were heated on a water-bath for 8 hours. The usual treatment gave a little white 
product which on recrystallisation (alcohol) melted at 238-39° with effervescence and 
some browning, yield 36%. (Found: Equiv., 222.3; Br, 53.87. C,,»H;O;Br; requires 
equiv., 222.5; Br, 53.93 per cent). The same experiment, repeated at 100°-105°, gave 
72% yield, and at 105°-110°, 80%. 

Vorsatz’s method (3 months) gave only a 50% yield. 

(b) No reaction occurred in the absence of any condensing agent and most of the 


aldehyde was recovered unchanged. 
Condensation of 6-lodo-3-hydroxybenzaldehyde 


(a) In the presence of Bases.—'The aldehyde, the acid and pyridine {in 1:1.5: 0.5 
mol.) were heated together on a water-bath for 25 hours. Effervescence started 
immediately and was followed by fusion and resolidification toa yellow mass within 
an hour which indicated incieased quickness of the reaction. A slight blackishness 
on the border of the solid mass was due to free iodine liberated. ‘The solid was 
extracted with ammonium carbonate solution and the extract gave on acidification 
a dirty white precipitate, which on recrystallisation (alcohol) melted at 231° with the 
liberation of iodine vapours. ‘Found: I, 43.31. Monoiodohydroxycinnamic acid, 
C,H,O,I requires 43.79 per cent). It decolorised Baeyer’s reagent. Yield 93%, showing 
a nearly complete condensation in 2} hours. 

In other methods, the success was greatly modified by the decomposition of the 
iodine compounds and the greater separation of free iodine. 

Condensation of 2:4:6-Tri-iodo-3-hydroxybenzaldehyde: In the presence of Bases.— 
The aldehyde, the acid and pyridine (1:1:0.2 mol} were dissolved in 10 c.c. absolute 
alcohol and heated for 6 hours on a water-bath. The next day the alcohol was evapo- 
rated off. No unused aldehyde was obtained. ‘The crude condensation product started 
melting at 195°, blackened and melted completely at 215° with evolution of iodine 
vapours. Recrystallisation (alcohol) gave the pure tri-iodohydroxybenzylidene-malonic 
acid, that melted with effervescence with decomposition into iodine vapours at 222° 
and complete charring at 238°. Repeated recrystallisations did not change these tem- 
perature-points. (Found: I, 64.95. CioHsUsI; requires I, 65.02 per cent}. Vield 
70%, though that of the uncrystallised acid was 100%. ‘This tri-iodo-acid was even 
less stable than the corresponding tribromo analogue. Reducing the heating hours or 
the temperature to 70° served no useful purpose. 

‘The Vorsatz’s method (3 months) gave neither a pure product nor a good yield. 
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SEARCH FOR NEW ANTISPASMODICS. PART IV 
By T. N. Guosu, A. K. Kunpu AnD A. RAy CHAUDHURI 


The Mannich base from 2-methyl-4-hydroxyquinoline has been assigned the structure (I) and has 


been found not to possess the structure (2-8-aminoethyl-4-hydroxyquinoline derivative) as ascribed by 


he German patent 597, 907 (Friedl., 1931, 16, 2659). 


The recently discovered antispasmodic activity in certain pyridylquinolines 
(Coates et al., J. Chem. Soc., 1943, 401 and subsequent papers}, coupled with the 
observation (cf. Blicke et al., J. Amer. Chem. Soc., 1939, 61, 93, 771, 774) that 
efficient antispasmodics, although varying widely in molecular structure, are salts of 
strong tertiary bases, suggested that it would be worthwhile to synthesise quinoline 
derivatives containing strong tertiary amino groups and test them for antispasmodic 
activity, if any. 


According to the present knowledge of the Mannich reaction (Blicke, “Organic 
Reactions’’, Vol. I, 1942), the condensation of substituted phenols with formaldehyde 
and secondary amines gives rise to o-cresol derivatives. 4-Hydroxyquinolimes give 
the. 3-aminomethyl-4-hydroxyquinoline derivatives, as expected of phenols (Gilman 
et al., J. Amer. Chem. Soc., 1946, 68, 979). Similarly, Price and Jackson (ibid , 1946, 
68, 1282) have introduced tertiary basic group in the 3-position of 7-methoxy-2- 
methyl-4-hydroxyquinoline by the Mannich reaction and have fully established the consti- 
tution of the resulting product, although it is known that 2-methylquinolines undergo 
the Mannich reaction to produce 2-8-aminoethyl quinolines which have been obtained 
as viscous liquids, by using piper dine or diethylamine, and have been characterised as 
mono-picrates (cf. Héou-Féo, Compt. rend., 1931, 192, 1242; Kermack and Muir, 
J. Chem. Soc., 1931, 3089). : 


In view of the above findings, specially those of Price and Jackson (loc. cit.), the 
product obtained by condensing 2-methyl-4-hydroxyquinoline with formaldehyde and a 
secondary amine has now been assigned the structure (I), and not the structure (2-8-amino- 
ethyl-4-hydroxyquinoline derivative) in which the 2-methyl group has been ascribed 
by a German patent (Friedl., 1931, 16, 2669 ; German patent, 597, 907) to be involved 
in the condensation. Rigid proof about the 2-methyl group being not affected in this 
case also has been furnished by the following observation : The compound (I, R=piperi- 
dino or diethylamino), with phosphorus oxychloride, has afforded the corresponding 
4-chloro derivative (11). On catalytic hydrogenolysis of the chlorine atom in presence 
of palladium-charcoal, the compound (iI) has furnished a base in the form of a pasty mass 
or a liquid (vide Experimental), the mono-picrate of which has been found to be different 
from the mono-picrate of 2-8-piperidino (or diethylamino)-ethylquinoline ‘Kermack and 
Muir, loc. cit.), The former base has therefore been assigned the structure (III). 
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Spasmolytic activity was determined (A. N. Bose, private communication) on the 
isolated guineapig ileal and jejunal pieces of small intestine by measuring the relaxation 
which the drug in question produced against the norinal tone of the intestinal muscula- 
ture. The preliminary results show that the compounds (I, R=piperidino or diethyl- 
amino) possess antispasmodic activity. 


EXPERIMENTAL 


2-Methyl-3-piperidinomethyl-4-hydroxyquinoline (I, R = piperidino).—A_ solution 
of 2-methyl-4-hydroxyquinoline (‘‘Organic syntheses’’, 1949, 29, 42, 70) (16 g.), piperi- 
dine (16.4 g.) and formaldehyde (40%, 15 c.c.) in ethanol (200 v.c.) were heated under 
reflux for 8 hours. Ethanol (100 c.c.) was distilled under reduced pressure and the 
residue, on cooling, deposited a crystalline solid (18 g.) which was recrystallised from 
ethanol (norit) in colorless, rectangular plates. (n heating the compound turns brown 
and does not melt even at 300°. (Found: N, 10.64. C,¢H. ON, requires N, 10.94 
per cent). 

2-Methyl-3-diethylaminomethyl-4-hydroxyquinoline (TI, R = diethylamino ).— A 
solution of 2-methyl-4-hydroxyquivoline (8 g.), diethylamine (7.3 g.) and formaldehyde 
(40%, 7.5 c.c.) in ethanol (100 c.c.) were heated under reflux for 12 hours. On cooling 
a crystalline solid {8.5 g.) was precipitated, which was recrystallised from ethanol in 
colorless, shining rectangular plates. On heating the compound turns brown and does 
not melt even at 300°. (Found: N, 11.32. CisH2.ON, requires N, 11.47 per cent). 

2-Methyl-3-piperidinomethyl-4-chloroquinoline (II, R = piperidino).—The com- 
pound (I, R=piperidino; 15 g.) was gradually added to phosphorus oxychloride (75 c.c.), 
when a thick solution was obtained with rise in temperature. The solution was heated 
under reflux in an oil-bath at 130°-135° for 6 hours, Next day, excess of phosphorus 
oxychloride was distilled off under reduced pressure and the residue, after being cooled 
in ice, was treated with ice-water mixture, when a dark, clear solution was obtained. 
The solution was treated with alkali till faintly acidic and then basified with ammonium 
hydroxide, when a pasty mass was precipitated which soon solidified on standing. It 
was crystallised from aqueous ethanol in colorless, rectangular plates (9 g.), m.p. 72-73°. 
(Found : N, 10.48. C,.H,,N,Cl requires N, 10.20 per cent). 

The picrate crystallised from ethanol in fine, yellow rectangular plates, m.p. 
171-72°. 

2-Methyl-3-piperidinomethylquinoline (III, R=piperidino).—To a solution of the 
above compound (II, R=piperidino; 6g.) in ethanol (150 c.c.), palladium-charcoal 
(10%, 2g.) and KOH (25 g.) were added. The mixture was shaken at 45°-50° with 
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hydrogen under atmospheric pressure, when one equivalent of hydrogen got gradually 
absorbed and further absorptiun of hydrogen practically stopped. The catalyst was re- 
moved by filtration and washed with ethanol. The filtrate and washing were combined, 
just acidified with hydrochloric acid and the ethanol removed under reduced pressure. 
The aqueous solution of the residue, on treatment with ammonium hydroxide, yielded 
a pasty mass (4.2 g.) which did not show any tendency to solidify even on long standing. 

The picrate, which was prepared in benzene solution, was crystallised from acetone- 
ether mixture in fine yellow rectangular plates, m.p. 215°. ‘Found: N, 15.26. CisHa»N32.- 
C.H;O;,N; requires N, 14.92 percent}. It is sparingly soluble in ethanol and benzene 
and practically insoluble in ether. In this connection it should be mentioned that the 
mono-picrate of 2-8-piperidinoethylquinoline, crystallised from ethanol, melts at 155° 
(Kermack and Muir, loc. cit.). 

2-Methyl-3-diethylaminomethylquinoline (III, R = diethyiamino).—The compound 
(1I, R=diethylamino), which was similarly prepared, was obtained as a brown pasty 
mass which could not be induced to crystallise. It was catalytically reduced according 
to the procedure as described above and the compound (III, R=diethylamino) was obtained 
as a mobile, brownish liquid which furnished, in benzene solution, a picrate crystallising 
from a large volume of ethanol in yellow rectangulat plates, m.p. 195°. (Found: N, 15.08. 
C,sH2.N2.C.H;0,N, requires N, 15.32 per cent). It is sparingly soluble in ethanol 
and benzene, readily soluble in acetone and practically insoluble in ether. 

In this conncetion it should be mentioned that the mono-picrate of 2-8-diethyl- 
aminoethylquinoline, crystallising from ethanol, melts at 123-24° (Kermack and 
Muir, loc. cit.). 

Thanks of the authors are due to Dr. U.P. Basu for his kind interest in this 
investigation. 


BENGAL IMMUNITY RESEARCH INSTITUTE, 
CALCUTTA-16 Received November 2, 1951. 
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PLANT ALKALOIDS. PART III. THALICTRUM FOLIOLOSUM, D.C: 


By R. CHaTrerjEE, M. P. Gua AnD A. CHATTERJEE 


The rhizomes of Thalictrum foliolosum, D. C. (Family, Ranunculaceae) known as mamiré in Hindu 
medicine, have yielded berberine (0.35%), palmatine (0.03%) and jatrorrhizine (0.02%) and no thalic- 
trine as was reported by Vashistha and Siddiqui (this Journal, 1941, 18, 641). 


~ The present work on the separation of alkaloids from the rhizomes of Thalictrum 
foliolosum, D. C. was undertaken to isolate thalictrine, first obtained by Vashistha and 
Siddiqui (this Journal, 1941, 18, 641), with a view to determining the structure of the 
base, on which no further work has been reported. The rhizomes were obtained from 
the Himalayan Drug Co., Dehra Dun, wherefrom the previous authors, Vashistha 
and Siddiqui, procured their plant material. The method as reported by them (loc. cit.) 
was followed for the isolation of thalictrine, unfortunately without success. A supply 
of the fresh drug was then obtained and identified by Dr. S. K. Mukherjee, Curator 
of the Herbarium, Indian Botanic Garden, Sibpur, Howrah. The process of isolation 
of alkaloids, used by tthe previous authors, was repeated with different results, for the 
iodides of the bases yielded palmatine and jatrorrhizine, as described later in this 
paper, and wo thalictrine. The metbod developed in this laboratory for the isolation 
of isoquinoline alkaloids (Chatterjee, ibid., 1951, 28, 225) was then applied for the 
separation of berberine and associated alkaloids. The presence of berberine in T. 
foliolosum also needed substantiation since the previous authors depended only upon 
the melting point of the iodide of the base which they mentioned as 260°; to identify, 
one of the base as berberine, without reporting any analytical results of the base and 
its iodide. It has been observed by the present authors that the free base berberine 
and also some of its salts do not have sharp melting and decomposition points. 
Berberine is. best characterised by the sharp melting derivatives, tetrahydroanhydro- 
berberine, m.p. 173°, and berberine-acetone compound, m.p. 168° (decomp.) and also 
by the platinum content of berberine chloroplatinate. In his investigation of berberine, 
Perkin (J. Chem. Soc., 1889, 85, 63) relied more on the purity of berberine chloro- 
platinate, berberine nitrate and sulphate than that of the free base and its chloride ; 
he did not mention the mp. of the free base and its salts as he found them to be less 
reliable. 


It has now been possible (i to identify berberine, which in these samples of 
rhizomes was present in larger quantities, 0 35%, ‘an “average of four estimations), 
whilst the samples examined by the previous au'liors contained- 0.24%; and (ii) to 
separate the alkaloids palimatitie (0.03%) and jatrorrhizine (0:02%). Vashistha and 


‘Siddiqui’s method of. separation of the Thalictrum alkaloids based on the difference 
‘in the solubility of their iodides might not have yielded pure products ; their basés 
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were in all probability mixed crystals, regenerated from a mixture of iodides of bases. 
The present authors converted the precipitated iodides of the bases (after Vashistha 
and Siddiqui, loc. cit.) into the corresponding chlorides and reduced the chlorides to 
obtain palmatine and jatrorrhizine (Spith and Polgar, Monatsh, 1929, 62, 117). 

Vashistha and Siddiqui mentioned the presence of a third alkaloid (iodide, m.p. 
206°), which they left uncharacterised. It may be a mixture of berberine and palma- 
tine. For, such confusion is not without precedent in this group of isoquinoline 
alkaloids. It was found that the new alkaloid, called shobakunine, (iodide m.p. 204- 
206°), isolated first from Berberis Thunbergii D. C., var. Maximowiczii (Kondo and 
Tomita, Arch. Pharm., 1930, 268, 549) and identifled in Archangelisia flava, Linn. 
(Merril) (Santos, Univ. Philipp. Appl. Sci. Bull., 1931, 1, 153) as well as in Mahonia 
Philippinensis, Nutt. ‘Castro, Santos and Valenzuela, ibid., 1932, 2, 401), had been 
shown subsequently to be a molecular mixture of berberine and palmatine (Tomita 
and Tani, J. Pharm, Soc. Japan, 1941, 61, 83). Thalictrine might be a mixture of 
palmatine and the phenolic base. jatrorrhizine. 


EXPERIMENTAL 


The method of isolation and separatioan of the alkaloids is more or less similar to 
that used previously in this series of papers (this Journal, 1951, 28, 2253 1952, 29, 97). 

Well powdered rhizomes (1 kg.) was extracted with ethanol (95%), and the volume 
of the extract was concentrated to 100 c.c., which was then cooled in ice and treated 
with hydrochloric acid to make the concentration of the acid solution 1%, to obtain 
a yellow crystalline precipitate (3.6 g.), which was identified to be berberinium chloride, 
(i) by reducing it to tetrahydroanhydroberberine, m.p. 173°, with zinc and acetic acid, 
and also (i) by the preparation of the chloroplatinate [Found : Pt, 18.04. Calc. for 
(C.eH,,0.N).-H,PtCl, : Pt, 18.02 percent], and finally (iii) by the preparation of the 
acetone compound, m.p. 168° (decomp.) ; there was no depression on admixture with 
an authentic sample of berberine-acetone compound, m.p. 168° (decomp.). 

The acidic filtrate after separation of berberinium chloride was treated with an 
excess of zinc dust {20g.) and glacial acetic acid (60 c.c.) till the brown colour of the 
solution became faintly yellow. The clear liquid was filtered and treated with excess 
of ammonia to dissolve the precipitated zinc hydroxide and then carefully extracted 
with ether, the aqueous layer having been rejected. 

The ether layer was shaken with 5% sodium hydroxide solution (50 c.c.). The 
alkali layer became deep red in colour indicating the presence of phenolic base. 

The ether layer yielded a colorless residue on removal of the solvent, which crystal- 
lised from methanol, as colorless crystals (0.03%), m.p. 143°, and did not depress the m.p. 
of an authentic sample of tetrahydroanhydropalmatine, m.p. 143-44°. (Found : C, 70.7 ; 
H, 7.2; N, 3.8. Calc. for C.,H2;0,N : C, 70.98; H, 7.0; N, 3-9 per cent). 

The alkali layer was treated with hydrochloric acid and then made ammoniacal 
to obtain a white crystalline precipitate which was taken up in ether, and the residue 
obtained on removal of ether (0.02%) crystallised. from methanol. The crystals melted 
at 206 207°, and did not depress the m.p. of tetrahydroanhydrojatrorrhizine, (Found : 
C, 70.1 ; H, 6.7. Cale for C.>H.,0,N : C, 70.38 ; H, 6.74 per cent), 
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Further, this product was oxidised with iodine (Chatterjee et ai., this Journal, 1951, 
28, 225) to the iodide of a base of m.p. 412°, which did not depress the m.p. of an 
authentic sample of jatrorrhizine iodide, m.p. 212°. 

The autliors’ thanks are due to Professor N. K. Sen, Head of the Department of 
Chemistry, Presidency College, Calcutta, for providing laboratory facilities. 


DEPARTMENT OF CHEMISTRY, 
PRESIDENCY COLLEGE, Received November 2, 1951. 
CaLCcurta. 
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CHEMICAL INVESTIG4 TION OF ENHYDRA FLUCTUANS, LOUR. 
PART I 


By R. N. CHAKRAVARTI AND A. DuTTAa 


Chemical investigation of Enhydra fluctuans (N O. Compositae’ has been carried out. S sstematic 
examination of the dry plant gave 0.021% of an essential oil, 0.47% of a non-volatile, non-saponifiable 
matter and a minute qu:ntity of a bitter substance, soluble in hydroxylic solvents. The non-saponifiable 
fraction on crystallisation and chromatography gave 0.05 % of stigmasterol, m.p. 158°, which gave an 
acetate, m p. 144°, and a benzoate, m p. 160°. No other sterol could be isolated in a state of purity 
The existence of stigmasterol as the chief constituent of the stero! fraction of this particular plant is 
noteworthy in view of the fact that stigmast-rol occurs in plants almost always associated with much 
larger amounts of a-, B-, y-sitosterols and other phytosterols. 


Enhydra fluctuans belongs to the Natural Order Compositae. Its synonyms are 
Enhydra helangcha, D.C. and Hingtsha repens, Roxb. It is known in Sanskrit as Hil- 
mochika, Hilamochi or Helanchi, in Bangali as Hingcha, and in Hindi as Haruch or 
Harkuch. It is an aquatic plant or marsh herb, usually glabrous or pubescent, glandular; 
stems 0.3-0.6m. long, rooting at the nodes; leaves sessile, linear, oblong, acute or obtuse 
entire or subcrenate, from 2.5 cm. to 7.5 cm. 1m length. It is distributed throughout 
Bengal, Assam and Sylhet and grows abundantly in damp soil. The plant is unknown 
in Western and Southern India. 

The leaves are slightly bitter and are regarded as laxative, antibilious, used as a 
cure for inflammations, leucoderma, bronchitis, skin diseases, neuralgia and other nervous 
diseases and in torpidity of liver. It is prescribed along with various metallic prepara- 
tions of the Ayurvedic system of medicine. ‘The expressed juice of the leaves is used in 
cases of gonorrhoea. 

The fresh plant (whole plant without root), when dried, loses 88 5% of its 
weight. The air-dried crug loses 13.5% of moisture when heated in a steam- 
oven at 100°. This indicates a total of 91% moisture in the fresh piant. 

Preliminary examination of the acid extract of the plant with various alkaloidal 
reagents revealed the existence of only traces of alkaloid. Sys‘einatic examination was 
undertaken by the method of fractional extraction of the moisture-free drug successively 
with petrcleum ether (b.p. 40°-60°), ether, chloroform, ethyl acetate and 90% 
alcohol respectively, when a number of fractions were obtained as enumerated below. 


TABLE I 
Solvent used. Solvent-free extract. 
1. Petroleum ether (b.p. 40°-60°) 4 2.77% 
2. Ether ip vee =s : 1.09 
3. Chloroform ... vee " a 0.59 
4. Ethyl acetate oe ne = 1.35 
5. Alcohol {90%) ia 9.68 


Total extract 15.48 
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The petroleum ether extract on proper examination indicated the existence of 
an essential oil, fats and waxes, sterols and only traces of alkaloid. The essential oil 
(0.021% of the dry piant) was isolated by steam distillation. It responds to tests for 
unsaturation such as decolorisation of bromine in chloroform solution without evolution 
of hydrogen bromide, but does not appear to have any ketonic constituent. 

The residue left after steam distillation gave a non-volatile, non-saponifiable material 
(0.47% of dry plant), which, after several crystallisations from alcohol, gave a color- 
less crystalline product, m.p. 142-44°. For further purification, it was chromatographed 
over aluminium oxide using petroleum ether (b.p. 40°-60°) and benzene as elueuts. 
The benzene fraction on evaporation gave a stigmasterol (m.p. 168°, C..H,4,0). 
The properties of the free sterol, the acetate and the benzoate were found to 
be identical with those of stigmasterol, stigmasteryl acetate and stigmasteryl benzoate 
respectively (cf. Windaus and Hauth, Ber., 1906, 39, 4378). The identity of the 
free sterol with stigmasterol was ultimately established by a direct comparison of the 
mixed melting point of the sample with an authentic sample of stigmasterol, and of the 
nixed melting points of the acetate and the benzoate with the respective derivatives 
of stigmasterol. The existence of Stigmasterol as the chief constituent of the sterol 
fraction of this particular plant is noteworthy in view of the fact that stigmasterol occurs 
in plants almost always associated with much larger amounts of «-, 8- and y-sitosterols 
and other phytosterols. 

The ethereal extract on working up gave a minute amount of a crystalline bitter 
principle, soluble in hydroxylic solvents. Further work on this bitter principle has been 
deferred due to the retirement of one of us (A. D.). 


EXPERIMENTAL* 


Preliminary Examination.—The finely powdered material (10 g.) was thoroughly 
extracted with 90% alcohol, aud the solvent distilled off, when a dark coloured 
residue was obtained. It was extracted with cold 2% aqueous hydrochloric acid. 
A portion of the filtered aqueous solution was treated with Meyer's reagent when an 
opalescent colour was produced indicating the presence of traces of alkaloid. ‘This was 
confirmed by testing the acid extract with a number of other alkaloid reagents. 

Fractional Extraction of the Plant with Different Solvenis.—The dry, powdered 
material (146 g.) was extracted with various solvents in succession in the following order : 
petroleum ether (b.p. 40°-60°), ether, chloroform, ethyl acetate and 90% alcohol. 
The solvent of each fraction was evaporated and the residue weighed and examined. 

Petroleum ether extract—residue (4.05 g.), dark green (almost black) and sticky, 
contains essential oil, fats, waxes, sterols and only traces of alkaloid. 

Ether extract—residue (1.59 g.), dark green and sticky; its aqueous extract tastes 
bitter and gives green coloration with ferric chloride and positive carbohydrate reaction. 

“ Chloroform extract—residue {0.861 g.', contains traces of water-soluble bitter 
principle along with resinous matter. 

Ethyl acetate extract—residue (1.97 g.), contains traces of a water-soluble bitter 
principle along with resinous matter. 


*Microanalyses and »ptical rotations by Drs. G. Weiler and F. B. Strauss of Oxford, 
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Alcohol extract—residue (14.14 g-), dark coloured, contains considerable amount of 
inorganic salts, mainly potassium chloride along with resinous matter. 

Isolation of Stigmasterol.—The dry powdered material (1725 g.) was thoroughly 
exatrcted witha large volume of 90% alcohol. The bulk of the alcohol was then 
distilled off and the remaining liquid mixed up with sufficient filter paper pulp and 
dried thoroughly. It was then extracted with petroleum ether (b.p. 40°-60°) in a 
Soxhlet extractor. The sticky residue obtained on evaporation of the solvent was 
distilled in steam when aun essential oil was found to pass over with steam. It was iso- 
lated by extraction of the distillate with ether, yield o.o21r%. It readily de- 
colorised bromine in chloroform solution showing the presence of unsaturation. With 
2:4-dinitrophenylhydrazine in dilute sulphuric acid it failed to react, indicating its non- 
ketonic nature. 

The residue left after steam distillation was hydrolysed by heating on the water- 
bath for 10 hours with excess of 15% aqueous alcoholic potassium hydroxide. 
‘Lhe alcohoi was then evaporated by heating it in a basin, the volume of the solution being 
kept constant with the addition of water. The non-saponifiable matter was taken up 
in ether. The residue (8.1g., 0.47%) obtained on evaporation of the ether partly 
solidified on keeping. The product was dissolved in hot alcohol. On cooling. the 
crude sterol (1.18 g.,’ 0.068%) separated out in colorless crystals. After three 
crystallisations from alcohol the melting point became constant at 142-44°. For further 
purification it was chromatographed over alumiuium oxide using petroleum ether {b. p. 
40°-60°) and benzene as eluents. The petroleum ether fraction was found to contain 
a small amount of a waxy substance. The benzene solution on evaporation gave the 
pure sterol, yleld 0.85 g. It crystallised from alcohol in colorless plates, m.p. 168”, 
[2]>7’,-44° (CHCl,). No depression in melting point was noticed when it was mixed 
with an authentic sample of stigmasterol. (Found: C, 84.3, 84.5; H, 11.5, 11.4. 
Cale. for C2.H,,0: C, 84.5; H, 11.6 per cent). 

On heating with acetic anhydride it gave an acetate which crystallised from aicohol 
in plates, m.p. 144°. It gave no depression in melting point when it was mixed with 
an authentic sample of stigmasteryl acetate, [*]»*°’, -54° (CHCI;). Found: C, 81.9; H, 
10.9. Calc. for Cs,H;,.0.: C, 81.9; H, 11.0 per cent). With benzoyl chloride in presence 
pyridine the pure sterol gave a benzoate which crystallised in plates from a mixture of 
chloroform and alcohol, m.p. 160°, [*].**,-24° (CHCl). It gave no depression in 
méiting point when it was mixed with an authentic sample of stigmasteryl benzoate. 
(Found: C, 83.4; H. 9.9. Calc. for C3sHs.0,: C, 83.7; H, 10.1 per cent}. 

Isolation of a Glycostdic Bitter Principle.—After petroleum ether extraction, as 
described above, the residue in Soxhlet was extracted with ether. The product obtained 
om evaporation of the solvent was dissolved in a small quantity of alcohol and allowed 
to crystallise. As no crystal was found to separate even on long standing the alcohol 
was evaporated and the residue extracted with boiling water. The aqueous solution 
was evaporated to dryness under reduced pressure and the product crystallised from 
alcohol when a small quantity of colorless crystals was found to separate. It ery- 
stallises from alcohol and is bitter to taste. : 


DEPARTMENT OF CHEMISTRY, 
ScHooL oF TROPICAL MEDICINE, 
CaLcurta. 
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POTENTIOMETRIC ESTIMATION OF ‘THIOCYANATE IN SOLUTION 
By R. N. Paripa, S. ApiTya AND B. PRASAD 


A silver thiocyanate electrode, suitable for potentiometric titration, can be prepared by depositing 
silver on a platinum helix, putting a paste of silver oxide on the helix, heating at 450° to reduce the 
oxide to silver, and depositing silver thiocyanate by making the helix anode in ammonium’ thiocyanate 
solution. The titration is smooth in presence of indifferent electrolvtes. With KCl and NH,SCN two 
breaks corresponding to each of these are obtained. 


The silver/silver thiocyanate electrode by use of silver ‘crystal)/silver thiocyanate 
(precipitate) has been reported by Pearce and Smith (J. Amer. Chem. Soc., 1937, 59, 
2063). This form of electrode is not suitable for potentiometric titration work as stirring 
and shaking cannot be suitably done. Reversible halide (chloride, bromide, iodide) 
electrodes in which the silver halide adheres to the metallic silver have been prepared 
and perfected. In the case of silver/silver chloride electrode, electrodeposition method 
has been used (Noyes and Ellis, ibid., 1917, 89, 2532; Brown and McInnes, ibid., 1935, 
57, 1358). The other two electrodes, silver/silver bromide and silver/silver iodide, have 
been prepared by thermal decomposition (Harned and Keston, ibid., 1935, 57, 1672; 
Owen, ibid., 1935, 57, 1526). In this work attempts have been made to prepare silver/ 
silver thiocyanate electrode. 


Ex PERIMENTAL 


Silver foil of the size about one inch square was taken. It was cleaned with dilute 
nitric acid, distilled water, acetone and dried by passing over a Bunsen flame. - The 
clean silver surface was made the anode in 4 bath of sulphocyanide solution. A current 
of about 2m.amp. was passed for about 4 to 6 hours. The deposit was not coherent. It 
separated from the silver foil after some time. Deposit on a spongy silver surface was 
next tried. A platinum helix was taken. Silver was deposited on it from a potassium 
argentocyanide bath. It was at first washed in running distilled water and then for a 
few days with distilled water by changing the water in the beaker containing the elec- 
trodes. A paste of silver oxide was put on the silver surfaced helix. The silver oxitle 
was decomposed to silver by heating in an electric furnace at about 450°. Silver thio- 
cyanate was formed on this by electrolysing about o.75M-ammonium sulphocyanide 
solution at a current of about 1 m.amp. for 6 hours. The electrodes prepared at 
a time showed a difference of 0.0000-0.0002 volt against one another when dipped in 
the same solution and maintained this reading for 2 to 3 days. But after that the reading 
changed. The electrodes prepared in different lots generally show potential differences 
of a few millivolts, when dipped in the same solution. In order to see if heating had any 
improving effect on the electrodes, a few were heated in an air-oven. Some were put in 
boiling distilled water. Then after cooling they were used. But none of these opera- 
tions improvéd the electrodes. In spite of the fact that the E. M. F. reading with these 
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electrodes showed some difference amongst themselves and changed from day to day, 
they responded to the change in the concentration of the thiocyanate ions all right 
The electrodes were found quite suitable for potentiometric titration of the thiocyanate 
in solution by using standard silver nitrate solution. 

Fig. 1 gives potentiometric titration curves for the same sample of ammonium thio- 
cyanate (10 c.c. of approximately 0.01 N) by itself or mixed with some ot!ier salts, with a 
solution of silver nitrate ‘0.1460 N). The beginning of each titration is indicated by a 
vertical line. Curves I and II give the course of the titration of pure ammonium thio- 
cyanate solution with different electrodes. Curve III shows the course of titration of the 
thiocyanate solution mixed with 1¢c.c. of o.1 N potassium chloride and 1 c.c. of 2N 
ammonium nitrate solution, and curve 1V, ammonium thiocyanate solution mixed with 
rc.c. of 2N ammonium nitrate solution. The titre values in the four cases are 0-64, 
0.64, 0.03, 0.63 c.c. respectively, though the E.M.F curves are not exactly alike. ‘The 
results agree with the titre value obtained by using ferric alum indicator. 

Fig. 2 gives the titration curves of a mixture of ruc.c. of thiocyanate solution 
(approx. o.o1 N) mixed with toc.c. of potassium chloride solution (0.01 N) against 
silver nitrate solution (v.1460 N) with different electrodes. Here also, the beginning of 
each titration is indicated by vertical lines. Though the E.M.F. ’s in the tour curves are 
not reproducible, the titre values are nearly the same. ‘The first break corresponding to 
thiocyanate occurs at 0.64, 0.64, 0.65 and 0.65 c.c. of silver nitrate solution respec- 
tively in curves V, VI, VII and VIII. ‘The second break corresponding to the titre 
value of the thiocyanate and the chloride combined comes to 1.58 c.c. in all cases. 

The titration curves in presence as well as in absence of indifferent electrolytes, and 
even in presence of potassium chloride, have sharp breaks at the equivalence points. The 
second break in the titration curves in the mixture of ammonium thiocyanate and 
potassium chloride is as expected. ‘The first break corresponds to the end of the thio- 
cyanate titration and the second to that of the chloride titration. The presence of chlo- 
ride ions, at least in moderate amounts, does not affect the titration of the thiocynate 
ions in solution. 


MAYURBHAN] CHeMicaL LABORATORY, 
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COMPLEX COMPOUNDS OF BIGUANIDE WITH BIVALENT METALS. 
PART XIII. COPPER, NICKEL AND PALLADIUM COMPLEXES 
WITH N!-AND N°-SUBSTITUTED BIGUANIDES 


By SAILENDRA NATH PODDAR AND PRIYADARANJAN RAay 


Biguanides, substitued in both N? and N® positions, have been found to give fairly stable, well- 
' defined, characteristic complexes of the inner-metallic type with bivalent metals like copper, nickel 
and palladium. Complex bases of these metals with N': N°-diphenyl, N'-phenyl-N*-ethyl, and N’- 
phenyl-N*-diethyl biguanides, as well as their corresponding sulphates and chlorides have been described 


in this paper. 


In previous papers of this series, complex compounds of bivalent metals like 
copper, nickel and palladium with simple and mono-substituted, and in one case with 
N-disubstituted (N-diethyl) biguanides have been described. Study of the bivalent 
metal complexes with biguanides, substituted in both N' and N° positions, forms the 
subject matter of the present paper. With this end in view, N! : N*-diphenyl, 
N!-phenyl-N*-ethyl and N'-phenyl-N®*-diethyl biguanides have been prepared 
and used as the co-ordinating ligands. All the complex bases and the salts, namely 
sulphates and chlorides, are insoluble in water and are more or less decomposed 
by boiling water. Obviously, the stability of the complexes diminishes with the 
increasing size and weight of the ligand base. 


EXPERIMENTAL 


N! : N°-Diphenylbiguanide hydrochloride was prepared by following the 
method of Curd and Rose ( 7. Chem. Soc., 1946, 729 ). 

Aniline (23 g.) was diazotised at 5° in 25N-HCl (250 cc.) with NaNO? 
(17.5 g. in 100 c.c. distilled water) in a flask provided with a mechanical stirrer, and 
the mixture was added to a solution of dicyandiamide (23 g.) in water (700 cc.) at 
20°. Then an excess of 10N-NaOH solution was added to maintain a strong 
alkaline reaction and after half an hour, the golden yellow solution was acidified with 
acetic acid. The precipitated triazine was filtered off, washed with cold water, 
partly dried by suction on the filter and was added during } hour to a mixture of 
200 c.c. acetone and 28 c.c. HCl, (conc.), stirred at 28°- 30°. After one hour, when 
no more nitrogen was evolved, 500 c.c. water were added and the crude precipitate 
of phenyldicyandiamide was collected and dissolved in boiling N-NaOH solution 
(250 cc.). The solution was decolorised by treatment with charcoal. The product 
Was precipitated from the cold filtrate with dilute HCl. The crystalline solid gave 
colorless needles from methanol, m. p. 197°. 

To phenyldicyandiamide (8 g.) was added a mixture of aniline (4.7 g.) and 
HCI (conc., 5.5 c.c.). This was then diluted with 60 c.c. of 50% alcohol and refluxed 
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over a small flame for about 3 hours. The product on cooling solidified. This was 
filtered and the solid was washed with a little. cold water. The crude biguanide 
hydrochloride thus obtained was recrystallised from boiling water in presence of 
charcoal; The solution was filtered hot into a beaker containing a drop or two of 
HCl. Snow-white feathery crystals of N! : N°-diphenylbiguanide hydrochloride, 
m. p. 234°, were obtained. [Found : N, 24.65; Cl, 12.11. C,H;. NH.C: (NH). NH.C: 
(NH) NH. C,H;.HCl requires N, 24.14, Cl. 12.24 per cent]. 


Copper N, :N°—dtphenylbiguanide Hydroxide.—Biguanide Hydrochloride (6 g.) 
was dissolved in 100 c.c. water and to this was added with stirring in the cold a 
solution of CuSO,4, 5H2O (2.5 g.) in 25c.c. water. The solution thus obtained was 
then made slightly alkaline with dilute NaOH solution. The precipitate formed 
was filtered, washed free of. alkali and recrystallised from boiling alcohol as deep 
violet shining crystals. 


The substance is insoluble in water but soluble in organic solvents. An 
aqueous suspension of it breaks up into copper hydroxide on heating. The substance 
is paramagnetic. xg =2.592x10°®. xm=165810°®. xm(corr.)=1396x10°®. Z7=300 
(Absolute). »s~184. [Found: Cu, 10.24; N, 21.26. {Cu(PheBigH).}(OH)e, 2H,O 
requires Cu, 9.97; N, 21.98 per cent] (where PhgBigH represents a molecule of 
diphenylbiguanide). 


Copper N! : N*-diphenylbtguantde Chloride—To an aqueous solution of 
diphenylbiguanide hydrochloride was added with stirring, a solution of cupric chloride 
in water, and the resulting solution was made ammoniacal with liquor ammonia. 
The precipitate formed was filtered, washed with water till free from ammonia, 
and then recrystallised from boiling alcohol with a drop or two of hydrochloric acid 
as violet crystalline powder. 


‘ 


The substance is insoluble in water but soluble in organic solvents. It decom- 
poses just like the complex base when heated with water. [Found: Cu, 9.8; N, 
20.98 ; Cl, 10.43. {Cu(PheBigH)o}Cle, 15H2O requires Cu, 9.6; N,21.05; Cl 10.68 
per cent]. 


Copper N'! : N5-dtphenylhiguanide copper sulphate was prepared like the 
above described complex chloride using copper sulphate in place of copper chloride. 
The complex sulphate forms blue-violet crystals, insoluble in water. ‘The substance 
decomposed when its aqueous suspension was heated. [Found : Cu, 9.20; N, 21.02; 
SO,", 13.80. {Cu (PhgBigH)e}SO,, H2O requires Cu, 9.32; N, 20.56; SO,”, 14.09 
per cent]. 


Nickel N' : N°-diphenylbiguantde hydroxide was prepared like the complex 
copper hydroxide from nickel sulphate, diphenylbiguanide hydrochloride and caustic 
alkali. The substance forms orange-red fine silky needles, insoluble in water. An 
aqueous suspension of it is decomposed on prolonged heating. The substance is 
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diamagnetic. xg =~ —1.09610°®. xmw—-—688.4x10°°. [Found: Ni, 9.1; N, 22.12. 
{Ni(PheBigH)s}(OH)>, 1.5H2O requires Ni, 9.4; N, 22.43 per cent]. 


Nickel N' : N5-diphenylbiguantde chloride was prepared from the biguanide 
hydrochloride and nickel chloride as in the case of copper. The complex chloride 
forms orange-yellow silky needles, insoluble in water but soluble in organic solvents. 
It does not decompose readily when warmed with water. [Found: Ni, 879; N, 
21.0; Cl, 104. {Ni(PheBigH)s}Cle, 2H2O requires Ni, 88; N, 20.90; Cl, 10.6 per 


cent]. 


Nickel N' : N5-diphenvibiguantde sulphate was prepared by digesting the 
complex nickel base with a strong solution of ammonium sulphate on the water-bath. 
Ammonia was evolved and the colour of the complex base changed to light orange- 
yellow. The product was then filtered, washed first with water, then with alcohol, 
and finally dried in air. The substance formed light orange-yellow silky needles, 
insoluble in water. [Found : Ni. 8.78; N. 20,52; SO,”, 13.80. {Ni (PhoBigH).} SOx, 
1.5 H,O requires Ni, 8.56; N, 20.4; SO,4", 14.0 per cent J. 


Palladium N' ; N5-dtphenvibiguanide hydroxide was prepared like the corres- 
ponding complex copper and nickel hydroxide from the biguanide hydrochloride and 
palladous chloride. 


The complex base forms brilliant, yellow-colored crystals, insoluble in water. 
Its aqueous suspension decomposed on heating It behaves as a strong base and 
liberates NHsg from a solution of ammonium salts. The substance is diamagnetic, 
Xg = —0.2926 x 10°®. xm = —204.8x 10°®. [Found: Pd, 15.1; N, 20.18. {Pd(PhoBigH)o} 
(OH), 3H,O requires Pd, 15.29 ; N, 20.0 per cent]. 


Palladium N' : N°-diphenylbtguantde chloride was prepared by treating an 
aqueous suspension of the complex base with 2N-HCI till the solution became 
almost neutral. The precipitate was filtered, washed with water and recrystallised 
from alcohol as light yellow crystals, insoluble in water. [Found : Pd, 14.92; N, 
19.81 ; Cl, 9.87. {Pd (PhgBigH) } Clo, 1.5H2O requires Pd, 15.09; N, 19.74; Cl, 10.01 
per cent;. - 


N!-phenyl-N5-diethylbiguanitde hydroxide was prepared according to the 
method of Curd and Rose (/oc. ct#.). 


Phenyldicyandiamide (8 g.) was mixed with a solution of CuSO4, 5HeO (625 g.) 
in 25 c.c. of water and to this was added 10 c.c. diethylamine. This mixture was 
diluted with 50 c.c. of 50 % alcohol and refluxed over a small flame for 2-3 hours with 
occasional shaking. The violet solution formed was allowed to cool and then added 
dropwise with stirring to 200 c.c. of cold water. The violet precipitate of the crude 
copper complex was filtered and washed thoroughly with cold water. This was 
dissolved in the least quantity of dilute sulphuric acid, and the copper was removed 
by H2S as CuS The filtrate from CuS was freed from HeS and the cold solution 
was treated with dilute caustic soda solution, when the biguanide base was pre- 
cipitated. This was quickly filtered, washed with cold water and dried in a desiccator 
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over KOH. The dry substance was recrystallised from petroleum ether after treat- 
ment with charcoal. White shining crystals of the base separated on cooling, 
m.p. 101°. 


Copper N'-phenyl-N*-dtethylbiguantde Chloride-—The biguanide base (5.5 g.) 
was dissolved in 50 c.c. water containing 2c.c. HCl. To this solution was added with 
stirring, a solution of cupric chloride (2.5g) in 25 c.c. water. The resulting mixture 
was then made slightly ammoniacal. The precipitated compound was filtered, 
washed with water and dried in air. 


The compound was purified by dissolving in the least quantity of dilute HCI 
and reprecipitating with ammonia. The compound forms violet powder, insoluble 
in water. The aqueous suspension of the substance decomposes readily on warming. 
[Found : Cu, 9.84; N, 21.80; Cl, 10.60. {Cu (PhEt,BigH).} Cle, 3HeO requires 
Cu, 9.71; N, 21.41; Cl, 10.85 per cent] ; (PhEt,.BigH represents a molecule of the 
biguanide). 

Copper N'-phenyl-N*-diethyljtguanide sulphate was prepared in the same way 
as the complex chloride, from the biguanide base dissolved in dilute sulphuric acid. 
copper sulphate and ammonia. The compound was purified by dissolving in dilute 
sulphuric acid and subsequent precipitation with ammonia. The substance forms 
violet powder, insoluble in water. [Found : Cu, 9.87 ; N, 22.0; SO,4”, 14.71. {Cu (PhEt,- 
BigH) 2}SO4, H2O requires Cu, 9.86 ; N, 21.74; SO,”. 14.90 per cent ] 

Nickel N)-phenyl-N°-diethylbiguinide Hydroxide.—The biguanide base (5.5 g.) 
was dissolved in 50. <.c water and 2 cc. HCl. Tothis was added with stirring a 
solution of 2.8 g. nickel sulphate in 25 c.c. water. The mixture was then made 
slightly alkaline with dilute caustic soda solution. The orange-yellow precipitate 
was filtered, washed free from alkali and recrystallised from alcohol as bright orange 
needles, insoluble in water but soluble in organic solvents. An aqueous suspension 
of it decomposes on heating. The base is diamagnetic. xg = —04529X10-°.. xm=— 
—257.2x10-®. (Found: Ni, 10.5; N, 24.78. {Ni (PhEtsBigH) .} (OH)o, 05H,O 
requires Ni, 10.38 ; N, 24.65 per cent’. . 


Nuckel N'-phenyl-N°-dtethylbiguanide chloride was prepared like the corres- 
ponding copper compound, from a solution of the biguanide base in dilute HCl, 
nickel chloride and ammonia. The orange precipitate was filtered, washed with 
water and recrystallised from alcohol. The chloride is insoluble in water, but 
soluble in organic solvents. [Found : Ni 9.44; N, 2207; Cl 10.92. {Ni (PhEt,- 
BigH) o}Clo, 25 HeO requires Ni, 9.20; N, 21.84; Cl, 11.07 per cent]. 

Nickel N'-phenyl-N*-diethyliguantde sulphate was obtained by digesting 
the complex nickel base with ammonium sulphate or, as in the case of the correspond- 
ing copper complex, from a solution of the biguanide base in dilute sulphuric acid, 
nickel sulphate and ammonia. The substance was recrystallised from alcohol using 1-2 
drops of dilute sulphuric acid as orange-yellow needles. insoluble in water. [Found : 
Ni, 9.36; N, 22.0; SO,”, 15.22. {Ni (PhEtoBigH)o}SO,,H2O requires Ni, 9.23; N, 
21.91 ; SO,”, 15.02 per cent]. 
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Palladium WN'-phenyl-N*-dicthylbiguanide Hydroxtide—A solution of the 
biguanide hydroxide in 50 cc. acidulated water was treated with an 1% solution of 
palladous chloride. Dilute caustic soda solution was then added drop by drop till 
the solution was slightly alkaline. The mixture was warmed on the water-bath 
for two minutes and then filtered. The precipitate was washed with water till free 
from alkali and recrystallised from aqueous alcohol. The substance was dried over 
KOH. The complex palladium base forms light yellow silky needles, insoluble in 
water, but soluble in organic solvents. It liberates ammonia from a solution of 
ammonium salts when warmed.[Found : Pd, 17.83 ; N, 23.38. {Pd (PhEt.BigH) o(OH)~ 
requires Pd, 17.62 ; N, 23.06 per cent]. 


N!-phenyvl-N®-ethylbiguanide Hydroxide—This was prepared just like the 
N!-phenyl-N5-diethylbiguanide hydroxide, form phenyldicyandiamide, copper sulphate 
and ethylamine. The refluxing was carried out over a period of about 16 hours, — 
with ice-cold water passing through the condenser. 


Copper N'-phenyl-N5-cthvlbtguantde Hydroxtde—The biguanide hydroxide 
obtained as above was dissolved in acidulated water and a solution of copper sulphate 
was added to it. The mixture was made alkaline with dilute causitc soda solution. 
The precipitate formed was filtered, washed with water till free from alkali and 
then recrystallised from alcohol. The complex copper base forms violet crystals, 
insoluble in water but soluble in organic solvents. It decomposes readily when 
heated with water. [Found: Cu, 1218; N, 26.73. {Cu (PhEt BigH).!(OH)o, HeO 
requires Cu, 12.07; N, 26.61 per cent] (PhFtBigH represents a molecule of the 
biguanide). 


Nickel N'-phenvil-N®-ethvlbiguantde hydroxtde was prepared like the 
corresponding copper compound described above, froma solution of the biguanide 
base in dilute HCl, nickel sulphate and caustic alkali. The orange precipitate formed 
was filtered and washed with cold water till free from alkali. This was then 
recrystallised from alcohol as bright orange crystals, inSoluble in water. Its aqueous 
suspension decomposes when heated. [Found : Ni, 11.95 + N, 27.57. {Ni (PhEtBigH)}- 
(OH). requires Ni, 11.72 ; N, 27.85 per cent]. 


InorGanic CuemistRyY LABORATORY, 
University CoLLecGe OF SvIENCE, Received February 2, 1952. 
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CHEMICAL EXAMINATION OF OLDENLANDIA BIFLRORA. PART I 


By R. N.S. CHAUHAN AND J. D. Tiwari 


Oldenlandia biflora (roots, stem leaves, seeds étc., all inclusive) has been subjected to a systematic 
chemical analysis. The plant was tested for both organic and inorganic substances It contains Na, 
K, Mg and Ca, mostly as chlorides. The alcoholic extract of the plant yielded a coloured product 
and two hitherto unknown alkaloids, biflorine (m. p. 206°) and biflorone (m. p. 98°), named after the 
plant. 


The plant Oldexlandia biflora belongs to the N. O. Rubeacee It is known 
in Hindi as “Pittpapra” or “Khetpapra.” It is a small annual plant which grows at 
the end of rainy season. It is frequently mentioned in Sanskrit medicinal books and 
is considered a cooling medicine of importance in the treatment of fevers supposed 
to be caused by deranged bile. Its Hindi name ‘pittpapra’ also conveys the same 
sense, z. ¢. pacifier of ‘pit’ or bile. 


The preliminary work on this plant was carried out by Dymock (“Pharmacogra- 
phica Indica”, Vol. II, p. 197). The value of the plant asa cooling medicine 
according to Dymock ( /oc. cé##. ) is no doubt due to inorganic salts present (22%). 


No other work on this plant is to be found in the literature. The present authors 
first verified the work reported by Dymock and found it correct with small variations. 
Contrary to Dymock’s report, the reactions of alkaloids were highly characteristic 
and marked. The percentage of ash was also repeatedly found to be 13.76. The 
presence of alkaloid in the plant, hitherto unknown, has been fully established. The 
great medicinal use of the plant as a febrifuge and its belonging to the family 
Rubeacez to which the great febrifuge and antimalarial quinine belongs, led the 
present authors to subject the plant to a systematic chemical analysis, 


The alcoholic extract of the plant ( inclusive of roots, stem, leaves. seeds etc. ) 
yields a coloured product and two closely related alkaloids, both having a peculiar 
faint odour to the extent of about 0.12% on the weight of the dried plant. The two 
alkaloids have been named biflorine and biflorone after the plant. The amount of 
biflorine in the fresh sample of the plant is maximum and goes on decreasing in a 
preserved sample of the plant ; the amount of biflorone goes on increasing as the 
biflorine changes into biflorone on oxidation. But if the sample is very old (3or 
4 years ) presence of alkaloids is almost nil. The two alkaloids biflorine and biflorone 
occur in the plant as fumarates with molecular formulae ( C;7H,70O,4N) and (Ci7Hr; 
O,N ) respectively. The only nitrogen atom in the molecules is most probably in 
the ring. yi 

EXPERIMENTAL 


Preliminary assay of the plant revealed the presence of about 012% of the 
total alkaloid on the air-dried material. The air-dried plant (20 g.) was successively 
extracted with the following solvents in the soxhlet apparatus. 
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1. Water: A dull red extract was obtained resembling an extract of tobacco; 
the residue was 15.45%. 


2. Alcohol (95%) : A green colored extract with plenty of chlorophyll was 
obtained ; the residue was 21.7%. 


3. Petroleum ether: The extract was similar to that obtained with alcohol 
and its percentage was 10.14. The alkaloid was present only in traces. 


4. Chloroform: The extract fesembled that of alcohol and the percentage of 
the dried residue was 9.8. Almost no alkaloid was present in the residue. 


Since extraction with rectified spirit gave maximum yield, it was used for the 
extraction of alkaloids. A large soxhlet apparatus lined with lead and heated 
electrically was used for this purpose, at first. But it was found after one or two 
extractions that due to unstable nature of the alkaloids, it would be profitable to use 
only glass vessels, as with metal soxhlet sometimes the quantity obtained was much 
less than estimated. 


Thereupon usual reflux method with a large pressure flask was used. The 
boiling of the plant with alcohol should not continue for more than an hour for better 
yields. From the big flask the extract was taken out while still hot with a syphon 
and then alcohol was distilled over under reduced pressure. The dull red pasty 
mass was dried in a vacuum desiccator as far as possible and then it was lixiviated 
with warm water containing 4%HCl. On cooling and allowing it to stand for half 
an hour, it was filtered. From the filtrate, the bases were liberated by the addition 
of dilute ammonium hydroxide in a slight excess. A light yellow and granular preci- 
pitate settled down on standing. Jt was filtered on a Buchner funnel and redissolved 
in cold 1% hydrochloric acid. At this stage the adhering chlorophyll and the colour- 
ing matter (to be discussed in a subsequent communication) were eliminated. The 
alkaloids were again liberated with dilute ammonium hydroxide and with small! 
amounts of chloroform (15 c.c. at a time) they were extracted out. Chloroform was 
distilled over under reduced pressure. The syrupy yellow mass thus obtained was 
put in a vacuum desiccator and the chloroform was driven away by the exhaust 
pump. To the dry yellow mass absolute alcohol was added, when it separated into 
two portions—a yellow solution and a dirty white insoluble mass. The yellow 
solution was separated by filtration and put aside. 


Purtfication of Biflorine-—The white insoluble mass was washed with two instal- 
ments of cold absolute alcohol to remove completely the traces of biflorone. It was 
then dissolved in minimum quantity of boiling absolute alcohol from which on cooling 
biflorine crystals settled down as dirty white needles. This crop of crystals was 
again dissolved in minimum quantity of boiling absolute alcohol from which on 
cooling biflorine crystals settled down as dirty white needles. This crop of crystals 
was then dissolved in pure benzene and boiled with activated charcoal for 10 minutes. 
The solution was filtered hot and cooled gradually when‘a crop of fine white needles 
was obtained. It was recrystallised from absolute alcohol, m.p. 206°. 
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Properties of Biflorine—It is a white crystalline solid and fairly stable under 
ordinary conditions of temperature and pressure as well as light. It is very soluble 
in chloroform and acetone, comparatively less in benzene, and moderately soluble in 
ether and hot absolute alcohol. It is sparingly soluble in cold alcohol and insoluble 
in cold and hot water. It yields marked precipitate with all alkaloidal reagents and 
shows colour reactions as shown in Table I. The alkaloid gives a yellow coloration 
with ferric chloride. The alkaloid is faintly basic and is soluble in mineral as well as 
in organic acids giving in all cases white crystalline salts. The salts such as sulphate, 
nitrate, hydrochloride, oxalate, etc. gave satisfactory results on analysis. The alkaloid 
has got a faint smell and a bitter taste. The salts are odourless but more bitter in 
taste than the base. On heating it at its melting point it turns yellow and the presence 
of biflorone in the decomposition products has been fully established. The base is 
laevo-rotatory, the specific rotation being 135°.4. 


Chloroplatinate of Biflorine.—The base (1g.) was dissolved in minimum quantity 
of warm dilute hydrochloric acid. To this 50 c.c. of 5% solution of platinic chloride 
were added. Orange crystals of biflorine chloroplatinate appeared on keeping the 
solution overnight. The crystals are sparingly soluble in water or organic solvents. 
Thus further purification through solution could not-be effected. The crystals were, 
however, washed free of the adhering mother-liquor with warm water. The melting 
point of this salt was found to be 231°. [Found : C, 68.01; H, 5.61; N, 4.78; M. W. 
(by ignition of Pt salt), 295.3, (by ebulioscopic, CHCls), 302.78. C,;7H,7O4N requires 
C, 68.23; H, 5.68; N. 4.7 per cent. M. W., 299]. 


Biflorine hydrochloride was prepared by dissolving the base in the minimum 
quantity of absolute alcohol and adding to it alcoholic hydrochloric acid in slight 
excess. On cooling hydrochloride of the base settled down as white crystalline 
needles. While determining the melting point the hydrochloride first turned yellow 
and then melted at 259° in a sealed tube with a light orange colour. It is soluble 
in water and alcohol but insoluble in ether, benzene, chloroform and carbon 
tetrachloride. : 

Nitrate of biflorine was prepared in a similar way as the hydrochloride of the 
base. Biflorine nitrate is a yellow product, m. p. 278. The properties of this 
substance are similar to those of the other organic salts. 

Action of Methyl Iodide on Biflorine—Biflorine on being treated with equi- 
molecular weight of methyl iodide yielded methyl biflorine iodide. It is a white 
crystalline compound, m. p. 124°. It contains both nitrogen and iodine showing 
that since nitrogen is tertiary, it yields methyl iodide derivative with one equivalent 
of methyl iodide. (Found: I, 28.67. C};H,;;O4NCH,lI requires I, 28.8 per cent). 


Purification of Biflorone—The yellow solution left after separation of dirty 
white mass (biflorine) was evaporated to dryness on a water-bath and to it, enough 
quantity of very dilute HCl was added to just dissolve the base. A few specks of 
impurities were left behind. - From this solution the base was again liberated with 
dilute ammonia and taken out with chloroform. The chloroform was driven away 
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through slow evaportion and the dry base was dissolved in warm 50% alcohol and 
water mixture so as to avoid traces of biflorine. To this solution more of water was 
added in instalments to precipitate the yellow base, biflorone, in different fractions. 
All these fractions were dried separately and their properties studied. They were 
all found to be identical. These amorphous fractions were then mixed together 
and dissolved in benzene. The solution was boiled with animal charcoal for only 
5 minutes as continued boiling resulted in lower yields due to adsorption and partial 
decomposition of the base. The yellow coloured solution which was filtered hot 
deposited brownish yellow crystals of the base on reducing the volume of the 
solvent, m. p. 98°. 


Properties of Biflorone.—It is a yellow crystalline substance and is slightly 
hygroscopic. It is extremely soluble in chloroform, ether and acetone, quite so in 
alcohol, and moderately soluble in benzene and petroleum ether. It is soluble in 
even 50% alcohol-water mixture from which it comes down as an amorphous powder 
when the percentage of water in the mixture is increased. It is only feebly basic 
and gives well defined yellow salts. It gives marked precipitate with all alkaloidal 
reagents and gives colour reactions also, as shown in Table II. This variety has a 
sharp peculiar smell and has a very bitter taste. The salts are odourless but are even 
more bitter. The alkaloid is dextro- rotatory, the specific rotation being 193°.4. 


Chloroplatinate of Biflorone.—Biflorone (1 g.) was dissolved in warm dilute 
hydrochloric acid. To this 50 c.c. of 5% platinic chloride solution were added when 
immediate precipitation took place. The derivative obtained was a dark yellow 
powder, which could be crystallised from hot absolute alcohol with much difficulty, 
m. p. 163°. 

Aurate of Biflorone.—The base (0.5¢.) was dissolved in dilute hydrochloric 
acid and to it 2% solution of auric chloride (50 c.c.) was added when a light yellow 
amorphous aurate was obtained, m.p. 126°. [Found: C, 6871; H, 5.05; N>481; 
M. W. (by ignition of Pt salt), 294.03, (by ignition of aurate), 297.5. C,; H,;;0,N 
requires C, 68.69; H, 5.05; N. 4.71 per cent. M. W., 297]. The physical methods 
did not give satisfactory results with respect to M. W. determination. 


Biflorone hydrochloride was prepared by dissolving the base in minimum quantity 
of absolute alcohol and adding to it alcoholic hydrogen chloride in slight excess. 
On adding ether the hydrochloride separated asa yellow spongy mass which could, 
however, be recrystallised from ordinary alcohol, m.p._ 152°. It is soluble in water, 
alcohol and slightly in ether but insoluble in chloroform, petroleum ether and 
benzene. It is slightly hygroscopic and possesses a faint odour resembling that of 
the base. (Found: Cl, 10.7. C,;,;H;;04N.HCI requires Cl, 10.63 per cent). 

Nitrate of biflorone was prepared in a similar way as the hydrochloride of 
the base, as a yellow product, m.p. 156°. The properties of this substance are similar 
to those of the other organic salts. 

Action of Methyl Iodide on Biflorone.—On being treated with equimolecular 
weight of methyl iodide, the base afforded methylbiflorone iodide as a light yellow 
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powder, m.p. 139°. It contains both nitrogen and iodine showing that since the 
nitrogen in the base is tertiary, it yields methyl iodide derivative with one equivalent 
of methyl iodide. (Found : I, 28.92. C17H;,;04N.CHslI requires I, 28.93 per cent). 
TABLE I 
Precipitation reactions. 
No. Reagent. Biflorine hydrochloride. Biflorone hydrochloride. , 
1, Pot. bismuth iodide Thick orange precipitate Thick orange ppt. ve 
2. Pot. tri-iodide Thick brown ppt. Thick brown ppt. ~ 
. ve 
3. Pot. mercuric iodide Light yellow ppt. Deep, yellow ppt. 
4. Platinic chloride Orange ppt. Red ppt. 
t 
5. Auric chloride Light yellow ppt. Deep yellow ppt. 4d 
6. Silicotungstic acid White ppt. Cream coloured ppt. Di 
2. Phosphomolybdic acid White ppt. Cream coloured ppt. as 
8. Tannic acid Buff coloured ppt. Brownish ppt. a 
9. Picric acid Thick yellow ppt. Thick yellow ppt ‘a 
Sa 
sk 
TaBLe II 
Colour reactions. 
No. Reagent. Traces of biflorine. Traces of biflorone. 
cc 
1. Frohde’'s (1% amm. molyb- Green-blue Dirty green 
date in conc. H,SO,) p m 
2. Erdmann’s (conc. H,SO,+. Violet Brownish violet (1 
5% HNOs) > 7 
3. Mandelin’s (1% vanadium Deep blue Dirty violet 
chloride in conc. H,SO,) th 
4, Pot. dichromate+H.SO, Blue-black Chocolate red 2. 
cr 
One of the authors (R. N.S.C.) thanks the Kanta Prasad Research Scholar- « 
ship Trust for the award of a scholarship which enabled him to undertake this 
work. 
pr 
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Tue University, ALLAHABAD. fe: 
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MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS. PART VIL. 
INTERACTION BETWEEN ANTIMONY SULPHIDE AND 
‘HYDROLYSED FERRIC CHLORIDE SOLUTIONS 


By P. M. Barve anp A. K. JAMBOTKAR. 


An investigation into the properties of solutions of ferric chloride with progressive hydrolysis 
shows parallel, but in opposite sense, changes in the conductance of the solution and in the coagulation 
values obtained by the flocculation of a negatively charged antimony sulphide sol with the hydrolysed 
solution. The colloidal ferric hydroxide has been shown to function like a polyvalent ion, with a valency 
very much higher than that of the trivalent ferric ions. 


In our previous paper (this Journal, 1951, 28, 453), we have shown that in 
the interaction between colloidal antimony sulphide and colloidal ferric hydroxide, 
dialysed to different extents, the ferric hydroxide particles play a very predominant 
part and, in fact, in the later stages of dialysis, the ferric hydroxide particles act 
as cations with a valency greater than that of the ferric ions. Further evidence is 
adduced from a different viewpoint. 

As the hydrolysis of trivalent ferric salts proceeds, there would be, at any stage, 
colloidal ferric hydroxide, ferric ions, hydrogen ions and the anions of the ferric 
salt employed. The changes in the coagualtion values with progressive hydrolysis 
show that colloidal ferric hydroxide acts as a polyvalent coagulating ion. 


ExPERIMENTAL 


The hydrolysis was carried out in a water thermostat, kept at 50°+0.1°. At 
concentrations less than 0.005354, the hydrolysis was so rapid that the measure- 
ments were not reliable. The following concentrations were therefore chosen : 
(1) 0.005354, (2) 0.0107N, (3) 0.0214, (4) 0.0421N,~ (5) 0.107; (6) 0.124N, 
(7) 0.214N, (8) 0.321N, (9) 0.427N. (10) 0.535N and (11) 0.642N. 

The various concentrations were made by diluting a stock solution just before 
the commencement of the experiment. The coagulation values were obtained with 
2c. c. of an antimony sulphide sol. The minimum quantity of the solution which 
created a slight turbidity in the mixture was taken to be the coagulation value 
(C. V.). The total volume of the mixture was always kept at 10 c.c. 


DrscUSSION 


Conductivity.—The conductivity, as seen from Figs. 1 and 2, increases with the 
progress of hydrolysis for dilute solutions. The rate of-hydrolysis is quite rapid for 
dilute solutions but very slow for the concentrated ones. The solutions with a low 
ferric ion concentration reach a final constant value within 120 minutes. The 
concentrated solutions also reach a final constant value, but the time required 
is considerably high. The general nature of the conductivity-time curve remains 
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MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS 393 
the same. In: the solutions of low ferric ion concentration, the progress of 
hydrolysis is observed right from the beginning. The conductivity-time curve in 
these cases is therefore very steep. In the beginning with the concentrated 
solutions, however, the rate of hydrolysis is very slow, in fact, barely perceptible. 


Coagulation.— With the progress of hydrolysis, the concentration of the colloidal 
ferric hydroxide and hydrochloric acid increases while that of the ferric chloride 
decreases. The only simple way to determine the colloidal behaviour of these 
solutions is to find out their coagulation value using a negatively charged sol, such 
as that of antimony sulphide. Before the beginning of the hydrolysis the solution 
contains only ferric chloride, ze. mainly ferric ions and chloride ions. If this 
electrolytic solution is used for the coagulation of an antimony sulphide sol, the 
ions effective in coagulating the sol are the trivalent ferric ions. Since they are 
expected to havea greater coagulating effect than monovalent hydrogen ions, it 
follows, that as hydrolysis increases to precipitate a given quantity of antimony 
sulphide sol, more of the solution should be required. It is, however, observed 
that the quantity of the hydrolysed solution required becomes less and less. This 
proves that the colloidal ferric hydroxide formed plays a very predominant part in 
the precipitation of the antimony sulphide sol and acts asa polyvalent ion with 
a valency more than that of the trivalent ferric ions. 


In the case of the dilute solutions, where the speed of hydrolysis is greater than 
that of the concentrated solutions, the decrease in the coagulation values with 
progressive hydrolysis is quite appreciable ; on the other hand, the readings obtained 
with the concentrated solutions show only a small decrease. It is thus quite 
evident that the increase in conductivity and the decrease in the coagulation 
value with progressive hydrolysis run almost parallel though in the opposite direction. 
The general nature of the conductivity-time curve and the coagulation value-time 
curve remains the same. The two cugves are related to one another asa mirror 
image to the object. The maximum in the conductivity and the minimum in the 
coagulation value occur at the same time. 


It should be noted that the process of coagulation, in which such hydrolysed 
solutions are employed for coagulation, is not very simple. The exact nature of 
the combined effect of the colloidal ferric hydroxide, the ferric ions and the 
hydrogen ions is not known. It may or may not be additive But it definitely 
proves that the hydrolysed ferric chloride is a more powerful coagulating agent 
than the corresponding electrolytic solution. It naturally follows therefore that 
the use ofan electrelyte in a colloidal form is more suitable than its use in the 
electrolytic form, wherever the electrolyte has to function as a flocculating agent. 


Cuemistry DepaRTMENT, 


Witson Cotiece, Bompay. Received August 13, 1951. 
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REACTIONS WITH DRY ALKALINE EARTH HYDROXIDES. PART I. 
REDUCTIONS OF «-NITRO- AND DINITRONAPHTHALENE 


By jy. DatrTa 


4-Nitronaphthalene is reduced to both the stages of amine and ammonia when heated with a 
mixture of calcium hydroxide and sulphur. Dinitronaphthalene under similar treatment is transformed 
quantitatively to ammonia. 


It has been observed earlier ( cf. Dutta, this Journa/, 1952, 29, 101 ) that nitro- 
benzene on being heated with a lime-sulphur mixture is reduced simultaneously to 
aniline and ammonia. The secondary effect of the heated mass of lime, an excess 
of which has been found an essential necessity, becomes manifest in the formation of 
ammonia, generated obviously by the decomposition of a part of aniline. A good part 
of the latter, however, has been found to escape by the virtue of its volatility. 
From these observations the inferences as can be reasonably drawn are: (1) The 
process of lime-sulphur reduction can be employed with the prospect of reasonably 
good success for the preparation of all volatile amines from the reduction of corres- 
ponding nitro compounds. (2) All non-volatile nitro compounds can be reduced to 
ammonia by a similar process. 


The object in the present piece of work was to investigate the accuracy of 
these postulations ; «-nitronaphthalene (b.p. 305°) and dinitronaphthalene (m.p. 217°) 
being chosen in order to ascertain the action of lime-sulphur mixture on high boiling 
and non-volatile nitro compounds respectively. A study of the literature reveals 
that the vapour phase reduction of 4-nitronaphthalene has been attempted by 
Sabatier and Senderenes € Compt. rend., 1902, 135, 226) by the use of hydrogen gas 
in the presence of nickel asa catalyst. It appears that in the vicinity of 300° the 
reduction is mainly to the amine stage, but.an elevation of the temperature to 380° 
favours the formation of ammonia, naphthalene etc. Dinitronaphthalene has been 
reduced quantitatively “to ammonia by the action of PIs (Jullig, Mem. pond., 1937, 
37, 127). ; 


EXPERIMENTAL 


«-Nitronaphthalene chosen for the work had m.p. 59°. It was consequently taken 
to be a pure sample. Dinitronaphthalene (1:5) after three washings with warm 
alcohol was found to have m.p. 190°. Obviously the sample was not still absolutely 
pure (mp. of pure variety, 217°). It can, however, be reasonably considered to be 
free from any other nitro compounds, rest being all soluble in alcohol. Other 
materials and reagents used in the work were the same as described in earlier part 
(loc. ctt.). 

Nitronaphthalene was reduced qualitatively by mixing 2 g. of the substance with 
a mixture of sulphur (6g.) and calcium hydroxide (12 g.), and heating the same 
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in a test tube fitted with a delivery tube dipping under acidulated water. Mild 
heat was applied first for about five minutes and the temperature raised gradually 
till all volatile products were expelled. The solid deposited inside the delivery 
tube was washed down with alcohol. The extract obtained was evaporated, and 
the residue redissolved in dilute HCl The portion insoluble in acid gave the 
smell of naphthalene and contained the coloured crystals of unchanged nitro com- 
pound. The acidic solution being rendered alkaline with NagCO,; deposited 
a precipitate which on filtration was found to respond to all the tests for amine. 
The alkaline solution on heating gave a faint smell of:ammonia. 


The quantitative study of the formation of ammonia by the reduction of 
nitronaphthalene was done by the same process as has been described in a subse- 
quent part (to be published later). Particular precaution taken in the experi- 
ments of the present series was to increase the temperature of the charge very 
slowly. At the start of the heating the flame was placed at least 6 inches below 
the surface of the tube while the latter was frequently rotated in order to bring about 
a uniformity of heating all round the tube. After about five minutes of this treat- 
ment the charge was raised to a red heat and the Jast trace of ammonia expelled 
by heating the calcium chloride layer at the bottom. The intention in adopting 
the above procedure was to ensure a primary reduction to the amine stage and 
finally to decompose the amine to ammonia by the thermal action of the excess 
of lime. The results of the experiments are embodied in Table L (Quantitative 
study of the transformation of the nitrogen in dinitronaphthalene to ammonia 
was conducted in the same way and the results obtained are shown in Table IL 


TABLE | TABLE II 
N obtained N obtained 

Expt. We. of We. of the We of 38 NH,(% of Expt. We. of Wt.ofthe Wt. as NH3(% of 
No. Ca(OH),. nitro com- Iph Of the nitro No. Ca(OH),. nitrocom- sulphur. the nitro 

pound, *¥P8UF compound). pound, compound). 
a 5 g. O.1lg 154. 4.2 a 5 g. 0.1 g. 0.1 g. 9.2 
b 5 0.1 0.5 45 b 5 0.1 0.5 10.9 
c 5 01 02 5.2 poltin oll 0.1 15 11.45 
d 5 0.1 0.1 5.6 d 5 0.2 2.0 11.43 


DISCUSSION 


Results of the qualitative tests indicate that «-nitronaphthalene is reduced 
to its amine by the action of a heated mixture of calcium hydroxide and 
sulphur, but a portion of the amine undergoes decomposition with the formation 
of ammonia, naphthalene, etc. The nature of the reduction of this high boiling 
nitro compound is thus found to be similar to that of nitrobenzene having a 
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comparatively low boiling point. Results indicate that when the concentration 
of sulphur in the mixture is as high as 304, more than 50% of the 
nitro compound is transformed to ammonia and this formation shows a 
tendency to rise with the increase in the proportion of lime in the mixture. It is 
therefore obvious that this procedure of reduction will be of little use as a 
workable scheme for the preparation of <-naphthylamine though a fair possibility 
exists for the parallel preparation of aniline. The transformation of «-nitronaphtha- 
lene to ammonia has not been found to be quantitative even with the use of a large 
excess of lime in the mixture. Possibly the amine still finds the opportunity to 
escape, apparently due its volatility. Dinitronaphthalene, however, under similar 
treatment, particularly with a good concentration of sulphur in the mixture, is seen 
to give 11.45% of nitrogen transformable to ammonia. In view of the constancy 
of this result, and also because of the fact that the treated dinitronaphthalene being 
not an absolutely pure material, there is a fair probability of the value thus found 
to represent the actual nitrogen content of this nitro compound. 


Sripat Sincu Couiece, Received January 28, 1952. 
JIAGANG, MURSHIDABAD, 
West BENGAL. 
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STUDIES ON LIPASE. COMPARATIVE STUDY OF DIFFERENT 
LIPASES OBTAINED FROM MOLDS GROWN ON 
CASTOR SEED (R/CJINUS COMMUNIS) 





By C. V. RAMAKRISHNAN AND B. N. BANERJEE 


A comparative study of the lipases obtained from molds grown on castor seed has been made. 


Ramakrishnan and Nevgi (this /ourma/, 1950, 27, 337) investigated different oil 
seeds for their lipolytic activity and Ramakrishnan and Banerjee (zdzd., 1950, 27, 
656) investigated different oil-seed cakes for their lipolytic activity in order 
to get a cheap and active lipase. During the investigation, it was found that 
molds began to grow on castor seed due to improper storage and the lipase 
in the seed was destroyed as the molds grew on them (under publication in this 
Journal). As it has been found by Camus (Compi. rend. soc. brol., 1897, 49, 192) 
and David Kirsh (/. Biol. Chem., 1935, 168, 421) that lipase is present in molds 
like Aspergillus niger and penictllium glaucum, an attempt was made to analyse 
the molds grown on castor seed for their lipolytic activity to see whether a cheap 


lipase with better activity could be obtained. 


ExPERIMENTAL 


The molds were allowed to grow on castor seed (Ricimus communis) by 
keeping the castor seeds in a desiccator, adjusting the moisture content and 
regulating the flow of air. The molds grown on the oil seeds were subcultured 
in artificial Czapek agar medium in petri dishes and pure strains prepared. Staining 
method of Misward Bayliss, David Glick ang Robert Siem (/. Bact, 1948, 5B, 
16, 307) and the biological method of Grabill and Reed (Biochem. Bull., 19,5, 4, 30) 
were used to detect the lipolytic molds from the cultures obtained. These lipolytic 
molds were grown in one litre capacity conical flasks containing 200 c.c. of sterilised 
liquid Czapek medium at 37° and after four days, the mats were removed, washed 
with sterilised water and treated with low boiling petroleum ether to kill the cells 
as well as remove any fatty material present. They were dried at room tempera- 
ture to remove the solvent, powdered well and sieved through a 60 mesh sieve. 


The powder obtained was used for the experiment 


The hydrolysis of freshly prepared groundnut oil was carried out using 


these lipases and disodium phosphate-citric acid buffer of varying fu. 


Each set of the experiments consisted of 1 c.c. of oil, 5cc. of water, 2 .c. 
of phosphate buffer of varying fu, 0.1 g. of mold lipase and a few drops of toluene 
in a flask incubated at 37° for 24 hours after a thorough shaking. Always a 
blank accompanied each sample. After the period of incubation, the contents 
were taken out and titrated against V/10-NaOH after the addition of 25 c.c. of 


3 
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neutral alcohol and warming for some time. Necessary precautions were taken 
to take readings under sterile conditions. The difference between the sample and 
the blank in terms of c.c. of N/10 sodium hydroxide gives the aaeieity of the 
lipase. The results ar- given in Table I. 


TABLE I 


Buffer: Disodium phosphate-citric acid. Oil: Groundnut oil ( f. f. a.=0.01%). 


Name of Activity of the mold lipase in terms of difference of N/10-NaOH bet. the 
the mold. sample and the blank when the pu of the mixture is 
3.1. 3.6. 4.2. 48. 5.4. 6.2. 6.8. 72. 
A. niger C, 6.5c.c. 7.2cc 7.8 c.c. 8.9 c.c. Wlec 13cc. l1Bec 9.5 cc. 
A. flavus C, 49 5.8 6.2 7.8 10.1 11.8 10.5 9.1 
A. flavus Cs 4.2 5.2 5.9 7.3 8.2 9.5 8.2 7.8 
A. oryzae C, 3.1 4.4 5.3 6.1 6.5 7.3 6.7 6.2 
A.fumigaiusC, 15 19 22 28 3.4 4.7 3.9 3.3 
Yellow mold C, 1.2 15 18 2.2 2.7 3.1 2.8 2.4 
(unidentified) 
Yellow mold C, 0.9 11 14 2.0 2.5 3.0 2.6 2.1 
(unidentified) 


From the above table, the optimum fx of the lipolytic molds isolated 
from castor source appears to be 6.2. A. miger C, and A. flavus Ce show appreciable 
lipolytic activity. 

The strains A. miger C,, A. flavus Co, A. flavus Cs and A. oryzae Cy were 
grown in castor cake medium. In different culture flasks, 200 c.c. of castor cake 
solution containing 15% of oil-free cake and different amounts of fresh castor 
oil were added. They were sterilised for 10 minutes under 15 lbs. pressure 
and inoculated with the strains ong incubated at 37°. After four days the mats 
were removed.and the lipase powder prepared. The activity of these mold 
lipases was determined -by studying the hydrolysis of freshly prepared groundnut 
oil using these lipases and disodium phosphate-citric acid buffer of 6.2 fu. The 


results are shown in Table II. 


TABLE II 
Lipase activity in terms of difference in c. c. of N/10-NaOH 
Medium. } Growth. between the sample and the blank for 
A.niger C,. AflarusC.,.  A./lavus C3. A. oryxae Cy. 
Czapek Appreciable 15.3 118 9.5 7.3 
Castor cake alone Not satisfactory 8.9 5.6 48 3.9 
Castor cake +5% Slight 113 ~ 10.5 8.9 7.6 
castor oil 
. $10% oil Good 21.8 15.8 12.3 11.0 
. +15% oil Slight 9.8 8.1 7.3 8.1 


» +20% oil Slight 73 5.3 5.1 55 





— wm .o a 


oO 








STUDIES ON LIPASE 399 


From the above table, it can be seen that the strains grown on castor cake 
medium containing 10% oil,show appreciable lipolytic activity. The cake medium 
on further investigation may prove to be a good source to grow lipolytic molds on 
a large scale. 


Synthestc Activity of Lipolytic Molds.—The acetone-dried lipase was prepared 
from strains A. niger C , A. flavus Ce, A. flavus Cs and A. oryzae Cy, according 
to Ramakrishnan and Nevgi's method (/. Univ. Bombay, 1950, 19, Part III, 36). The 
synthesis of butyl oleate was carried out using these lipases. 

In different conical flasks, equimolecular quantities (0.054 g. mol.) of butyl 
alcohol [b. p. 117°, @ 0.809 g.lc.c.] and oleic acid [b. p. 286°, d 0895 g/c.c.] 
were added. The lipase (1 g.) and ether solvent (10 cc.) were added to each 
flask, shaken well and kept in the incubator at 37° after corking well. At 
different intervals of time, 1 c.c. from each flask was taken, 25 c.c. of neutral 
alcohol added, warmed for some time and titrated against N/10-NaOH. Always 
a blank accompanied each sample. The difference between the sample and the 
blank was calculated in terms of cc. of N/10 sodium hydroxide. From this the 
percentage synthesis was calculated. The results are given in Table III. 


TABLE III 


Synthests of butyl oleate. 
Solvent: Ethyl ether. 


Percentage synthesis on 
Set Name of 


No. lipase. Ist day 2nd day 3rd day 4th day 5th day 6th day 7th day 
1 AwmigerC, 17.2 28.9 41.6 49.8 52.3 65.8 61.3 
2 A/flavusC, 15.1 22.7 318 39.6 45.2 58.1 50.2 
3 AflavusCs 10.1 15.7 27.2 32.6 418 52.3 45.6 
4 AwryxaeC, 75 11.3 15.1 22.8 35.0 42.3 32.8 


From Table III, it can be seen that these mold lipases can also synthesise 
esters which gives a clue that these can be tried for studying the synthesis of 
fats. 

The above observations give an idea that the mold lipases can be used 
for fat hydrolysis. The strains isolated from the molds grown on other oil 
seeds will also be investigated for their lipolytic activity and if no other strain 
with better activity can be found, these strains will be further investigated to 
grow them ona large scale and to extract lipase from them in a pure form. 


The authors’ thanks are due to Indian Council of Medical Research for 
having awarded a fellowship to one of us (C. V. R.) to carry out this investigation. 


DEPARTMENT OF BIOCHEMISTRY, Received June 4, 1951, 
{Np1aAN InsTITUTE CF SCIENCE, 
BANGALORE, 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XV. EFFECT OF 
CONCENTRATION OF THE ACCELERATORS ON THE 
HYDROLYSIS OF GROUNDNUT OIL BY CASTOR 
SEED LIPASE (R/CJNUS COMMUNIS) 


By C, V. RAMAKRISHNAN AND B, N. BANERJEE 


Hydrolysis of groundnut oil by ricinus lipase was carried out using different concentrations of the 
accelerators to find out the optimum concentrations of the accelerators for maximum lipolytic activity. 


Ramakrishnan and Nevgi (Proc. Ind. Acad. Scz., 1951, 33B, 268) have found that 
the following substances are good accelerators for the hydrolysis of groundnut oil 
by castor seed lipase: acetic acid, hydrochloric acid, manganese sulphate, citric 
acid, sodium phosphate, potassium phosphate, glycine, ammonium sulphate, sodium 
acetate, gum arabic and ascorbic acid. 


An investigation was carried out to study the effect’ of concentration of these 
accelerators on the hydrolysis of groundnut oil by ricinus lipase from castor seed. 


EXPERIMENTAL 


The lipase powder was prepared from fresh, well ripened castor seeds by Long- 
necker and Haly’s method (7. Amer. Chem. Soc., 1935, 57, 2019). The hydrolysis of 
freshly prepared groundnut oil was carried out using castor seed lipase, sodium 
acetate-acetic acid buffer of 4.6 pu and accelerators of varying concentrations. 


Each set of the experiments consisted of groundnut oil (1 c.c.), water (5 c.c.) 
sodium acetate-acetic acid buffer (2 c.c.), lipase (0.1 g.), different accelerators of 
‘varying concentrations and a few drops of toluene in different conical flasks. They 
were corked and shaken well and incubated at 37°. Side by side the hydrolysis of 
the groundnut oil by lipase alone was carried out. In all cases blanks accompanied 
the samples. After the period of incubation the contents were taken out and titrated 
against /10-NaOH after adding 25 c.c. of neutral alcohol and warming for some 
time, The difference between the sample and the blank will give the activity of the 
lipase in terms of cc. of N/10-NaOH. The results are shown in Tables I and III. 


From the results it can be seen that the optimum concentration of the accelera- 
tor depends upon the nature of the accelerator. In case of hydrochloric acid and 
acetic acid, it varies from 1 to 4.c.c. In case of other salts, it varies from 0.05 g. to 
0.20 g. KHePO,4, N/10 acetic acid and glycine are the best accelerators and the 
optimum concentrations of these accelerators are 0.20 g., 4 c.c. and 0.05 g. respectively. 

The effect of u on thehydrolysis of groundnut oil by lipase, when these best 
accelerators were used at their optimum concentrations, was studied using sodium 
acetate-acetic acid buffer mixtures of varying fu. The results are given in Table II. 


From Table II, it can be seen that the optimum /x varies from 4,6 to 48 
depending upon the nature of the accelerator. 
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TABLE III 


Effect of concentration of N10-HCl and N/10-acetie actd on the hydrolysis 
of groundnut oil by ricinus lipase. 


Buffer : Sodium acetate-acetic acid. Oil : Fresh groundnut oil (f. f. a. 0.01%). 


Diff. of N/10-NaOH bet. the sample and the blank in Case o/ 


Amount of the Lipase alone. 
accelerator added. 


0.0 c.c. 13.8 c.c 
1 An 


2 
4 an 
& 


DEPARTMENT OF BIOCHEMISTRY, 
Inpian InstiruTe or Scrence, BANGALORE. 


Lipase+N/10 Lipase + N/10-HCIl. 
Acetic acid. 


16.1 c.c. 14.9 c.c. 
20.5 9.6 
27.8 7.3 
5.2 2.1 
21 0.8 


Received June 24, 195i. 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XVI. EFFECT OF BUFFER 
AND ENZYME CONCENTRATIONS ON THE SYNTHESIS OF AMYL 
BUTYRATE BY RICINUS LIPASE FROM CASTOR SEED 


By C. V. RAMAKRISHNAN AND G. V. NEver 


Synthesis of amy] butyrate was carried out using different amounts of lipase and disodium phosphate- 
citric acid buffer of varying concentrations to study the effect of buffer and enzyme concentrations on 
the enzymic synthesis of esters. 


Ramakrishnan and Nevgi ( this Journa/, 1951, 28,272) studied in detail the 
effect of H-ion concentration and the nature of the buffer on the synthesis of amyl 
butyrate by ricinus lipase and found that the maximum percentage synthesis in case 
of disodium phosphate-citric acid buffer reached at 5.2 fu. 

The effect of buffer and enzyme concentrations on the enzymic synthesis of 
amyl butyrate has been studied and results reported herein. 


ExPERIMENTAL 


The acetone-dried sample was prepared from fresh well ripened castor seeds 
by Ramakrishnan and Nevgi’s method (/. Univ. Bombay, 1950, 19, Part III, 34-37) 
and used for the experiment. 

The synthesis of amyl butyrate was carried out using different concentrations 
of disodium phosphate-citric acid buffer of 5.2 fu and different amounts of lipase. 

Each set of the experiments consisted of #-amyl alcohol (0. 054g. mol.) and 
m-butyric acid ( 0.054 g. mol. ), different amounts of lipase, ether solvent (10 c.c.), 
different amounts of buffer and a few drops of toluene in conical flasks. They were 
corked and shaken well and incubated at 37°. Always blanks accompanied the 
samples. Subsequent procedure followed was same as in Part XV (this zsswe). From 
the difference in readings between the sample and the blank, the percentage synthesis 
was calculated. The results are shown in Tables I and IL. 


TABLE I 
Effect of buger concentrations on the enzymic synthests of amyl butyrate. 


Amount of enzyme added = 1g. 


Buffer. Percentage synthesis on 
Ist day. 2nd day. 3rd day. 4th day. 5th day. 6th day. 

lec. 19.1 23.2 31.7 415 62.3 519 
2 30.8 40.5 45.8 62.4 80.2 69.5 
3 22.0 30.6 38.2 50.1 62.1 57.8 
4 18.6 27.8 30.4 39.8 52.1 43.6 
5 7.1 15.3 21.9 32.4 39.6 31.3 
6 3.2 15.8 10.1 15.3 18.2 12.1 
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TABLE II 
Effect of enzyme concentration on the enzymic synthesis of amyl butyrate. 


Buffer : Disodium phosphate-citric acid (2 c.c.). 


Enzyme. Percentage synthesis on 

Ist day. 2nd day. 3rd day. 4th day. 5th day. 6th day 
0.5 g. 18.1 3 24.3 31.7 42.8 30.9 
1.0 30.8 40.5 45.8 62.4 80.2 69.5 
2.0 32.3 448 47.2 65.3 81.9 69.8 
3.0 35.6 45.1 49.3 65.8 82.3 70.2 
4.0 37.3 47.2 50.2 66.1 83.2 70.9 


From Table I, it is found that maximum percentage synthesis is reached when 
the buffer concentration is2 c.c. From Table II, it is found that the percentage 
synthesis increases as the enzyme concentration increases. So it can be seen that 
the enzymic synthesis of esters depends upon the buffer and enzyme concentrations. 


DEPARTMENT OF BIOCHEMISTRY, Received June, 22, 1951. 
Inpian INSTITUTE OF SCIENCE, 
BANGALORE-3. 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XVII. EFFECT OF 
BUFFER AND ENZYME CONCENTRATIONS ON THE HYDROLYSIS 
OF AMYL BUTYRATE BY RICINUS LIPASE FROM CASTOR SEED 


By C. V. RAMAKRISHNAN AND G, V. NEVGI 


Hydrolysis of amyl butyrate was carried out using different amounts of lipase and different 
concentrations of buffer mixture to study the effect of buffer and enzyme concentrations on enzymic 
hydrolysis of esters. 


Ramakrishnan and Nevgi (this Journal, 1951, 28, 335) studied in detail the 
effect of H-ion concentration and the nature of the buffer on the hydrolysis of amyl 
butyrate by lipase and found that the maximum percentage hydrolysis was reached in 
the case of disodium phosphate-citric acid buffer of 4.8 pu. 


The effect of buffer and enzyme concentrations on the enzymic hydrolysis of 
amyl butyrate has been investigated by carrying out the hydrolysis of amyl butyrate 
using different concentrations of disodium phosphate-citric acid buffer of 4.8 4x and 
different amounts of acetone-dried lipase and results reported in this communication. 


ExPERIMENTAL 


Each set of the experiments consisted of 0.018 g. mol. of ester solution, 10 ¢c. 
of ether solvent, different amounts of lipase, different amounts of buffer anda few 
drops of toluene in different conical flasks. They were corked and shaken well and 
incubated at 37°. Subsequent procedure followed was same as in Part XV (this zsswe). 
From the difference in readings between the sample and the blank the percentage 
hydrolysis was calculated. The results are given in Tables I and II. 


TABLE I 


Effect of buffer concentration on the enzymic hydrolysis of amyl butyrate. 


Amount of enzyme added =1g. 


Buffer. Percentage hydrolysis on 
Ist day. 2nd day. 3rd day. 4th day. 5th day. 6th day. 
1.0 c.c. 10.1 15.2 19.3 24.1 22.4 18.2 
2.0 28.3 35.@ 39.8 45.6 32.8 26.5 
3.0 30.2 38.3 42.1 48.9 35.9 28.3 
4.0 15.1 17.3 21.9 28.8 26.1 24.0 
5.0 10.9 14.8 19.1 24.3 17.5 15.2 
6.0 5.1 8.9 11.2 15.5 12.3 8.2 
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TABLE II 


Effect of enzyme concentration on the enzymic hydrolysts of amyl butyrate. 


Buffer added =3c.c. 





Enzyme. Percentage hydrolysis on 

lst day. 2nd day 3rd day. 4th day. 5th day. 6th day. 
0.05 g. 15.8 18 2 25.3 29.1 26.1 22.1 
1.0 30.2 38.3 42.1 48.9 35.9 28.3 
2.0 31.8 39.5 43.4 49.1 37.2 29.9 
3.0 32.3 40.8 44.5 50.2 38.1 30.2 
4.0 33.2 40.9 45.1 51.8 39.6 31.1 


From Table I, it is found that maximum percentage hydrolysis is reached when 
the buffer concentration is 3.c.c. From Table lI, it is found that the percentage 
hydrolysis increases as the enzyme concentration increases. Hence it can be observed 
that the enzymic hydrolysis of esters depends upon the buffer and enzyme 


concentrations. 


DepPaRTMENT OF BiocneMISTRY, 
InpDIAN INSTITUTE OF SCIENCE, 
BANGALORE-3. 


Received June 


9 195 
2, 1951. 
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STUDIES ON THE FRIES REARRANGEMENT. PART VII 


By A. B. Sen, S. S. Trwart AND S. S. PARMAR 
Fries rearrangement of eight new saturated aliphatic esters of thymol has been studied. 


Fries rearrangement of thymyl acetate has been studied by Rosenmund and 
Schnurr (Annalen, 1928, 460, 56). We have now extended it to eight new esters 
of thymol, viz., propionate, butyrxte, valerate, caproate, heptoate, caprylate, 
laurate and myristate, which were prepared by the ‘action of the appropriate acid 
chlorides on thymol. The reaction was carried out at 120° (without a solvent), 
using 13to15 moles of anhydrous aluminium chloride. In all the cases studied, 
only o-hydroxyketones were obtained in yields ranging from 60.7 to 88.3%. These 
ketones were characterised through their 2:4-dinitrophenylhydrazones. 


EXPERIMENTAL 


Esters of Thymol.—The esters of thymol were prepared as described in the 


earlier parts of this series. They are summarised in Table I. 


TABLE I 

Thymyl Molecular %Carbon. % Hydrogen 

esters. B.P. Yield. formula. Found. Calc. Found, Calc. 
l. Propionate 180°7/19mm. 728%  Cy3Hi.,O, 75.22 75.71 8.35 8.74 
2. Butyrate 190°/9 728 Cx,Heo, 76.01 76.37 8.68 9.09 
3. Valerate 187°/5 889  C,,H_,0, 76.48 76.93 8.92 9.4 
4. Caproate 1398°/29 87.9 CieH,,0, 76.98 77.41 9.22 9.68 
5. Heptoate 190°/3 725 CyzHs—eO; 77.38 77.85 9.44 9.92 
6. Caprylate 2339/29 620 C,Hy.O, 77.91 78.27 972 - 10.15 
7. Laurate 194°/6 88.3  CysHgeOQ, 79.01 79.49 10.43 10.84 
8. Myristate 219 /6 63.3 Co,HyoOqg = 79.57 80.00 10.93 11.11 


Fries Rearrangement of the Esters —The Fries rearrangement of the esters 
was carried out at 120° as already described in the earlier parts of this series. The 


ortho-hydroxyketones ontained are summarised’in Table ITI. 
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ENOL CONTENT OF 2-FORMYL KETONES. PART Ill 


By M M. BokapiA and S. S D&SHAPANDE 


rf 
Enol contents of aldo-enol systems in 2-formyl ketones have been measured colorimetrically by the 
method of Knorr and Schubert applied to keto-enol systems. The colour of ferric chloride complex with 
aldo-enol systems is very specific depending not only on the concentratioff of enols but also considerably 
on the structure of the molecule. 


It has been shown in Parts I and II (this Journal, 1949, 26, 456 ; 1950, 27, 548) 
that whereas in keto-enol systems the results of enol measurement by K. H. Meyer's 
bromine method (Zer., 1911, 44, 2718) and by Hibber's copper acetate method (Ser. 
1921, 54, 902) are nearly identical, the application of these methods to aldo-enol 
systems in 2-formyl! ketones gives different results, the copper acetate method in- 
variably giving lower values. It was also shown that enols in aldo-enol systems could 
be measured by titration against /5-NaOH at -10° as suggested for keto-enol 
systems by Seidel (Zer., 1936, 69, 650) and that the values so obtained were nearly 
the same as found by Meyer’s method. In all these processess the measurements 
must be made within a few seconds and at —15° so that the equilibrium point does 
not alter during the period of carrying out the process. 


Knorr and Schubert (Ber., 1911, 44, 2772) developed a colorimetric method of 
estimating enol in a keto-enol system, based on the principle that the intensity of 
colour produced on adding ferric chloride to the keto-enol mixture is proportional 
to the enol content of the mixture. They have shown that the intensity is maximum 
when the molecular proportion is 1:1 and that further addition of the reagent 
does not increase the intensity of colou® The reaction is represented as 


ROH+ FeCls—>ROFeCl, + HCl oes (1) 


For estimation of enol in a substance 1/1000th mol. of it is mixed with 1/1000th 
mol. of anhydrous ferric chloride and the whole is made with absolute alcohol to a 
definite volume (25 c.c.). The colour so developed is compared with that produced 
by similarly mixing 1/1000th mol. of a standard substance (of known enol content) 
with 1/1000th mol. of ferric chloride and made up tothe same volume. The intensi- 
ties of the two colours are proportional to their enol concentrations. 


They recommend two kinds of standard enolic substances: (7) those which :are 
solids and are completely enolic; (77) those whose enol content has been found by 
other methods. In class (7) again, only those are chosen with which the intensity 
of colour, developed on adding ferric chloride, does not change on standing. In them, 
according to the authors, a complex equilibrium is reached among ketone, enol, 
ferric salts, hydrochloric acid and their ions (Eq. 1). 
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We applied Knorr and Schubert's method (/oc. c/¢.) to measurements of enols 
in aldo-enol systems, and as will be seen from the results, the values obtained are in 
agreement with those determined by the bromine method or the alkali titration 
method, provided that the method is used with certain modifications, shown below. 
The colorimetric method has the advantage over the previous methods in that it can 
be used at room temperature. 


In the first place 2-formyl ketones (containing aldo-enol systems) being highly 
enolic, the concentration 1/1000 mol. in 25 c.c. gives colour too strong for comparison. 
The concentration 1/50,000 mol. in 10 cc. was found suitable for the system. It was 
further realised that a Keto-enolic substance could not be used as a_ standard 
for estimating enol in an aldo-enol mixture. For example, if alcoholic solutions of 
ethyl acetoacetate (7% enol) and of 2-formylcyclohexanone (I) (70% enol) are so 


CH, 
H.C’ \C=O 

CH. 

(I) 


prepared that the enol concentration in each is the same, then on adding - equivalent 
amounts of ferric chloride to each, the colours produced are not of equal intensity. 
If, however, 2-formylcyc/chexanone (I) is kept as the standard for colorimetric 
estimation of enols in aldo-enol systems, then the values obtained for formylmen- 
thone, formylcarvone and formyleamphor are in agreement with those obtained 
by bromine method or alkali titration method*(Table ID). 


Hydroxymethylene-methylethyl ketone (2-formylmethylethyl ketone, II ; R=R’ 
= Me) in crystalline form (m. p. 73°) is completely enolic and is proved to be so by 
other methods. 


R-CO- c -R’ 
CHOH 
(II) 


It should therefore be most suitable for being used as a standard in colorimetric 
measurements. But it is first of all necessary to prove that it is actually 100% 
enolic when examined colorimetrically. This has been proved as follows. 


The pure ferric enolate of this ketone was first. prepared by adding alcoholic 
solutions of 1/3rd mol. of ferric chloride to 1 mol. of its sodium enolate in alcohol. 
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CH;-CO-C-CH; CH;. CO. C-CHs 
\ + 1/3 FeCl; ——> {| +NaCl ... (2) 
CHONa CH-O-Fe/3 
After filtering off the precipitated sodium chloride atid evaporation of the 
solvent the ferric enolate was obtained as a crystalline solid (m.p. 150°). Its 
composition was confirmed by analysis. 


To 1 mol. of the ferric enolate in alcohol was then added 2/3 mol. of ferric chlo- 
ride and 1 mol. of HCI in alcohol (Knorr and Schubert, /oc. cz/.). This should give 
the same product (equation 3) as obtained by adding 1 mol. of ferric chloride to 
1 mol. of pure enol (equation 1). 

CHs-CO-C-CHs3+2/3 FeCl; +HCI=CHs -CO -C-CHs 
ll ll .  _ (3) 
CH-O-Fe/3 CH-O-FeCl, 
ROH+ FeCl; =R.0.FeCl, +HCl ; (1) 

Actually, the intensity of colour obtained by starting with the ferric enolate and 
carrying out the process as in equation (3) was identical with that produced from 
1 mol. of ferric chloride and one mol. of the ketone. 


With this ketone as the standard (100% enol), the enol contents of hydroxy- 
methylene-di-m-propyl ketone (II, ReC3H;, R =CeH;), hydroxymethelene-methyl- 
-n-propyl ketone (II,.R=C3H;, R'=H) and hydroxymethylene-methyl-x-amyl ketone 
(II, R=C;H;;, R’=H) were determined and the values obtained were found in 
agreement with those arrived at by other methods (Table III). : 


The colour of the compound of ferric chloride and hydroxymethylene methyl- 
ethyl ketone (100% enol) fades on standing. Thisis rather surprising, particularly 
in consideration of the fact that the intensity of colour of similar compound of ferric 
chloride and hydroxymethylenecyc/ohexanone (I) (70% enol) does not change even 
after some days. All colorimetric measurements with the former ketone as standard 
have therefore to be completed within a short period. 


It was further noticed that the open-chain ketone (II) could not be used as a 
standard for colorimetric measurements of cyclic ketones such as (I). For, if alcoho- 
lic solutions of ketones (I) and (II) are so made that they contain equal concentra- 
tions of enols, then on adding equivalent amounts of ferric chloride to them, the colours 
produced are not of equal intensities. The colours also are different. With open- 
chain ketones the colour with ferric chloride is reddish violet, with monocyclic 
ketones it is violet, and with bicyclic ketones (like hydroxymethylenecamphor) it 
is bluish violet. 


EXPERIMENTAL a 


Compounds chosen for colorimetric method were such that their enol contents 
were not previously found by methods described in Parts I and II (loc. cz¢.). It was 
therefore necessary first to get these values for comparison with the corresponding 
values obtained colorimetrically. The values by previous methods obtained for 
such compounds are shown in Table I. 





7) 
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TaBLE I 
Compound. Percentage of enol by method of 
Meyer. Hibber. Alkali titration. 
2-Formyldi-n-propyl ketone 69.67 49.45 70.5 
2-Formylmethyl-n-propyl ketone 618 53.90 62.0 
2-Formylmethyl-n-amyl ketone 74.91 35.01 76.5 
2-Formylcarvone 83.86 55.4 83.5 
2-Formylcamphor 96.0 80.5 98.2 
*2-Formylmenthone 740 20.0 740 


* Reported in Part II (oe eit.). - 


All colorimetric estimations were made with Duboscq's colorimeter (Snell, 
“Colorimetric Methods of Analysis”, Vol. I, p. 43) in which lengths of columns of the 
coloured solutions of the standard substance and of the substance under comparison 
could be varied independently. 

It Zand / are the lengths of columns when the intensities are equal, and if ¢ and 
c’ are the respective concentrations of the enols, then 
ix c 

F 

Preparation of the Reagent.—Ferric chloride used in the present work was 
prepared by heating pure steel wire in a hard glass tube in a current of dry chlorine. 
The sublimate was freed from excess of chlorine by heating ina current of dry 
nitrogen. 


lxcmlxc ore = 


Preparation of Solutions for matching the Colour.—The hydroxymethylene ketones 
(1/1000 mol.) were dissolved in absolute alcohol and the solution was made to 100 c.c. 
Similarly 1/1000 mol. of freshly sublimed anhydrous ferric chloride was dissolved and 
made to 100 c.c. with absolute alcohol. Each of the solutions (2 c.c ) were mixed and 
made to 10c.c. Thus, 10 c.c. of this solution contained 1/50,000. mol. of the hydroxy- 
methylene ketone and the same molecular proportion of ferric chloride. 


Stability of colour produced from ferric chloride complex of hydroxymethylene 
cyclohexanone (I) (enol 72% found by other methods) The following readings 
show that the colour of the solution does not change appreciably even after 


five days. 


Reading / for freshly prepared solution. Reading / for 5 days’ old solution. 
35 34.9 
30 29.8 
25 24.9 


(Z and /’ stand for lengths of columns for respective solutions) 
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TABLE II 


Enol contents of cyclic hydroxymethylene ketones measured with hydroxmethy- 
lene cyclo hexanone as standard. 


l for standard. l’ for sub- % Enol.* l for standard. I for sub- %Enol.* 
tance under tance under 
comparison. comparison. 

Hydroxymethylene-menthone Hydroxymethylene-carvone. 

30 27.1 79.7 5 43 83.7 

25 22.7 79.2 10 8.5 84.7 

20 18.1 79.5 15 13.0 83.0 

15 13.5 80.0 20 17.1 84.2 

10 9.1 79.1 Hydroxymethylene-camphor. 

5 oat | 97.2 

* ofa [Xe 10 74 97.3 
ig 

15 11.0 98.1 


Ferric Chloride Complex of Hydroxymethylene-methylethyl Ketone (II) ,—The 
pure crystalline ketone (m.p. 73°, enol content 100%; 0.1000 g.) was dissolved in 
absolute alcohol (100 c.c.). Freshly sublimed ferric chloride (0.1622 g.) was similarly 
dissolved in alcohol (100 c. c.) ; 2.¢.c. of each solution were mixed and the whole 
made to 10 c.c. (which contains 1/50,000 mol of each). This is solution A. 


Preparation of Ferric Enolate of Hydroxymethylene-methylethyl Ketone (il).— 
Sodium (1.5 g) was dissolved in excess of absolute alcohol and to the well cooled 
solution hydroxy-methylene methylethyl ketone (6.5 g.) in alcohol was added slowly. 
After addition the contents were cooled well gnd dry ethereal solution of 3.5 4 of 
freshly sublimed ferric chloride were added slowly. The precipitated sodium chloride 
was filtred off and the filtrate on evaporation deposited dark reddish crystals of 
the ferric enolate. After recrystallisation from benzene it melted at 150°. (Found : 
Fe, 15.2. C1;H21O¢Fe requires Fe, 15.8 per cent). 

The above ferric enolate (0.1549 g., 1/1000 mol.) was made to 100. c.c. with alcohol 
and 0.1081 g. of ferric chloride (1/1000 x 2/3 mol.) was also made up to 100 cc., 2 cc. of 
each of these solutions were mixed, 0.00073 g. hydrogen chloride (1/50,000 mol.) 
dissolved in alcohol added and the whole made up to 10 c.c._ This is solution B. The 
solutions A and B were found to be of equal intensity in colour as will be seen 
from the following values. 


lV forsoln. A... 25.2 20.1 15.1 102 5.1 
l’ for soln B ... 25.0 20.0 : 15.0 10.0 5.0 
3 
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TABLE III 


Enol contents of open-chain hydroxymethylene ketones with 
hydroxymethylene methylethyl ketone as standard. 


ttydroxymethylene-methyl- Hydroxymethylen2-methy!- Hydroxymethylene-di-n-propyl 
n-propyl ketone. n-amy] ketone. ketone. 
l for stan- l’ for subs- % Enol* /forstan- Jl’ forsubs- %Enol* /forstan- JU forsubs- %Eenol* 
dard. tance under dard. tance under dard. tance under 
comparison. comparison. comparison. 
25 39.6 63.1 25 33.3 75.07 25 36.2 69.0 
20 31.6 63.2 20 26.8 74.6 29 28.7 69.6 
15 24.1 62.2 15 20.1 74.6 15 21.4 70.0 
10 16.3 61.3 10 13.3 75.1 10 14.3 69.9 
5 8.1 61.7 § 6.7 74.6 5 7.1 70.4 
ota, Ox 
c= —— 


It will be seen by comparing the values in Table I with those in Tables II and 
III that the enol contents {found colorimetrically are nearly the same as those 
obtained by bromine or alkali titration methods. 


Orcanic Cuemistry Researcu LABORATORIES, 
AGRA CoLitece, AGRA AND ; 
Batwanr Rasput Coiuece, Agra. Received October 20, 1951. 


a . 
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DYES DERIVED FROM ACENAPHTHENEQUINONE. PART XI. 
2-(6-CHLORO) THIONAPHTHENE-ACENAPHTHYLENE-INDIGOS 


By Ststr KumarR GuHA AND ARUN KUMAR SINHA 


6-Chloro-3-hydroxythionaphthene has been condensed with acenaphthenequinone and a few of its 
substituted products and also with phenanthraquinone. The colour and the dyeing shade of 2-(6-chloro)- 
thionaphthene-acenaphthylene-indigos, prepared now, have been found lighter than those of the 
corresponding dyes of the 5-chloro series, already studied. 


In the present communication, 6-chloro-3-hydroxythionaphthene (Friedlinder 
and Sander, Ber., 1924, 57, 648; Schwz, D. R. P. 139069-139070/1928) has been 
condensed with acenaphthenequinone, its 3-chloro-, 3-bromo- and 1-metkoxy 
derivative respectively with the object of comparing the colour and the dyeing 
properties of the resulting asymmetrical vat dyes with those of the corresponding 
substances belonging to 2-(5-chloro)thionaphthene-acenaphthylene-indigo _ series, 
already studied by one of the present authors (Guha, this /ourna/, 1939, 16, 127). 


The parent compound is, however, described in D. R. P. 210905-07. It was 
prepared there from 4-chlorothiosalicylic acid -S-acetic acid and acenaphthenequinone. 
Now it has been obtained by the direct condensation of a pure sample of 6-chloro-3- 
hydroxythionaphthene and acenaphthenequinone. The details of the preparation 
of the dye and its various properties have been studied now which were not recorded 
in D, R. P. (wide supra). 


The dyestuffs of the 6-chloro series are orange-red and dark red crystalline 
bodies. They are soluble in aniline, xylene, nitrobenzene and tetraline ; sparingly 
soluble in acetone and carbon tetrachloride; unless otherwise mentjoned in the 
experimental part, they are soluble in pyridine, mouerately soluble in benzene, 
difficultly soluble in toluene and insoluble in alcohol. The parent compound and its 
methoxy derivative dissolve in cold, strong sulphuric acid producing a deep green 
solution, whereas the 3’-chloro and the 3’-bromo derivatives dissolve in the same 
reagent giving a faint yellowish green solution. The methoxy compound melts at 
304°-305° and the rest does not melt below 310°. When strongly heated above their 
melting points all these dyes volatilise evolving coloured vapour of the respective 
products. The colour of the vat obtained by reduction ‘of the first three 
compounds by alkaline hydrosulphite at 50°-60° is deep violet-blue from which by 
atmospheric oxidation original colour is developed on cotton. But the methoxy dye 
of this series also offers resistance to reduction like methoxy compounds of the 5- and 
7-chloro series, and of 4-,5-,6- and 7-methyl series (Guha. Joc, cz#; Guha and 
Chatterjea, this Journal, 1948, 25, 429; Guha., zézd¢. 1938, 15, 20; 1933, 10, 679 ; 1936, 
13,91; 1943, 20, 37). It produced a faint violet vat after a long trial at 50°-70° 
from which only a pink shade developed on cotton by eroxidation. From a dilute 
sulphuric acid bath, the parent and the methoxy dyes imparted full shade on wool 
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whereas the shade from the 3’-chloro- and the 3’-bromo compounds was not fully 
developed even after repeated attempts. 


It has been found now that the compounds derived from 6-chloro-3-hydroxy- 
thienaphthene, described here, are lighter in colour than those derived from 5-chloro- 
3-hydroxythionaphthene (Guha, /oc. cz#/.) as given below in Table I. This finding 
is similar to what was already observed in the case of two other series of asymmetrical 
vat dyes, 2-(5-methyl)-. and 2-(6-methyl)-thionaphthene-acenaphthylene-indigos, 
prepared by one of the present authors (Guha, Joc. cz4) (cf.. Martinet, Rev. Gen. 
Mat. Col., 1921, 25, 17 ; Friedliinder, Ber., 1916. 49, 955 and others for the colour of 
5: 5- and 6: 6-substituted symmetrical thicindigos). The- absorption spectra of 
some of the dyes discussed here will be studied and communicated in a subsequent 
communication. The formulae assigned to the dyes from sustituted acenaphthene- 
quinones are provisional only, as it has not been established which of the two CO 
groups took part in the reaction. 


TABLE I 


T = Thionaphthene. Al= Acenaphthylene-indigo. 
Colour of the dyeings 

on wool. on. cotton. 
2-(6-Chloro)T-AI Orange-red Deep orange-red 
2-(5-Chloro)T-Al Light violet Dark red (with violet 

tinge) 

2-(6-Chloro) T-8’-(3’-chloro)-AI Red ochre Deep orange-red 
2-(5-Chloro) T-8’-(3’-chloro)-AI Light darkish red Dark red 
2-(6-Chloro) T-8’-(3’-bromo)-Al Red ochre Deep orange-red 
2-(5-Chloro)T-8’-(3’-bromo)-Al Light darkish red Dark red 
2-(6-Chloro) T-8’-(1’-methoxy)-AlI Blood-red Pink 
2-(5-Chloro) T-8’-(1’-methoxy) AI Light violet-red Pink (deeper shade) 


Finally, an asymmetrical dye of the phenanthraquinone series, 2-(6-chloro)- 
thionaphthene-9’-phenanthrene-indigo was obtained in 80% yield. It is a light 
chocolate coloured crystalline product melting above 310°. It dyes wool in a brown 
shade from an acid bath. It was reduced quickly toa yellow vat by alkaline hydro- 
sulphite at 50°-55° unlike other phenanthraquinone vat dyes of the methy] series 
which were reduced with difficulty (Guha, /oc. cz#.) and cotton was dyed in 
a violet shade. 


Further work in this line has been undertaken to study the preparation and 
properties of 2-(4-chloro)thionaphthene-acenaphthylene-indigos. 
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ExPERIMENTAL 


2-(6-Chloro) thionaphthene-acenaphthylene-indtgo 


AS tee 
| 2 >C =C : bd 
Cl S37 oct — 4 > 
(1) 


A solution of acenaphtheneuinone (0.546 g.) and 6-chloro-3-hydroxythionaph- 
thene (0.552 g.) in boiling glacial acetic acid (54 c.) was treated with strong HCl 
(2.5¢¢.) and shaken, when the condensation product immediately separated out. 
Glacial acetic acid (29 cc) was again added to the mixture and boiled for 20 
minutes more, filtered while still hot and the residue was washed with glacial acetic 
acid and hot water. The substance (0.8101 g., 84%) was then crystallised from toluene 
in deep orange-red wooly needles. It is moderately soluble in glacial acetic acid. 
It dyes wool in an orange-red shade and cotton in a pleasant deep orange-red shade. 
(Found : Cl, 10.48. Co9H9O2CIS requires Cl, 10.18 per cent). 


2-(6- Chloro) thionaphthene-8 (3'-chloro)acenaphlhylene-indigo was prepared 
in the same way as the preceding compound from 3-chloroacenaphthenequinone 
(0.541 g.) and 6-chloro-3-hydroxythionaphthene (0.46 g.).in glacial acetic acid (59 c,c.) 
and strong hydrochloric acid (3 c.c.). The semi-solid mass was further treated with 
glacial acetic acid (21 c.c.) and was boiled similarly. The orange-red dye was 
collected (0.811 g., 84.7%) and crystallised from xylene in wooly long needles. It is 
sparingly soluble in glacial acetic acid. It dyes wool in red-ochre and cotton in 
a pleasant deep orange-red shade. (Found : Cl, 18.44. CooHgO2CleS requires Cl, 18.54 
per cent). 


2-(6- Chloro) thionaphthe ne-8-(3'-bromo)acenaphthylene-indigo similarly separa- 
‘ted as a deep orange-red dye from a boiling glacial acetic acid (85 cc) 
solution of 3-bromoacenaphthenequinone (0.652 g.) and 6-chloro-3-hydroxythionaph- 
thene (0.4612 g.) and strong hydrochloric acid (3 c.c.). The compound (0.952 g., 
89.7%) was crystallised from nitrobenzene in foliated needle-shaped crystals ; it was 
washed with alcohol, water, and dried at 110°. The dye is moderately soluble in 
pyridine and sparingly soluble in glacial acetic acid. Its dyeing shades on wool and 
cotton resemble those of the preceding compound, but slightly deeper. (Found : Cl, 
8.53 ; Br, 19.21. Cop HgOeCIBrS requires Cl, 8.3; Br, 18.71 per cent). 


2-(6- Chloro) thionaphthene-8'-(1'-methoxy) acenaphthylene-tndigo was obtain- 
ed from B-methoxyacenaphthenequinone (0.636 g.) and 6-chloro-3-hydroxythionaph- 
thene (0.552 g.) in glacial acetic acid (110c.c.) solution and strong hydrochloric 
acid (3 c.c.) on heating for 25 minutes. The deep red substance (0.6114 g., 53.9%) 
separated from xylene in needles. It is difficultly soluble in benzene, soluble in 
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toluene, moderately soluble in glacial acetic acid and sparingly soluble in ethyl alcohol. 
It dyes wool in blood-red shade and cotton in pink colour. (Found: Cl, 9.22. 
CeiH,,03ClS requires Cl, 9.37 per cent). 


2-(6- Chloro) thionaphthenc-Y-phenanthrene-indigo 
2° 


WA, 
. il 
co Pi 
ATX. Che 
’ \c=ce 
cls Bie” Oe 
Ws 57 ° 
2 , 
4 8 
(ID 


It was prepared in the same way as the first compound from phenanthraquinone 
(0.936 g.) and 6-chloro-63-hydroxythionaphthene (0.7838 g.) in boiling glacial acetic 
acid (50 c.c.) and strong hydrochloric acid (3 c.c.). The jelly-like chocolate coloured 
product was digested with 10 c.c. more of glacial acetic acid for 25 minutes, filtered 
hot and washed similarly. The dye (1.359 g.) separated from xylene in needles. It is 
soluble in pyridine, nitrobenzene, aniline, xylene, toluene and tetralin ; difficultly 
soluble in benzene ; moderately soluble-in glacial acetic acid and carbon tetrachloride ; 
sparingly soluble in acetone and ethyl alcohol. Strong sulphuric acid dissolves it 
in cold giving a yellowish green solution. (Found: Cl, 9.46. Co2H;,02ClS 
requires Cl, 9.47 per cent). 


DepARTMENT OF CHEMISTRY, 
Scrence COLLeGe, Patna. Received November 17, 1951. 
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STUDIES ON FRIES REARRANGEMENT. PART VIII 
By A. B. Sen AND S. S. Tiwari 


The Fries rearrangement of nine esters, each of 3-methyl-5-cthylpherol and m-chlorophenol, has 
been investigated at two temperatures with a view to study the nature of the products formed. In all 
the cases orltho-hydroxy ketones have been obtained. 


In continuation of our work on studies on Fries rearrangement reported in the 
earlier parts of this series (this Jourma/, 1951, 28, 661 ; 1952, 29, 35), 407) we have 
extended it to the Fries rearrangement of nine aliphatic esters of mefa-substituted 
phenols: (4) 3-methyl-5-ethylphenol (I) and (#) m-chlorophenol (II), at 130° 
without a solvent and at 25° in nitrobenzene as a solvent. The same or/ho-hydroxy 
ketones were obtained under both the sets of conditians in case of both the phenols 
investigated. 


Me“™, O.COR Me’ OH Methyl: Me“ OMe !°] HOOC/” OMe 
| ——> 
ee Naa Oe \_/COOH 
Et Et Et | COOH 
(1D (ID 
cl/”Y0.COR CI“NOH Methsl- = C1” NoMe [91 ~— cl” NoMe 
awe tine ME) vai. whi 
(ID (IV) 


The products conformed to the characteristic properties of o7rtho-hydroxy 
ketones and could be methylated in the usual way. 


The different methoxy ketones derived by the migration of the different esters 
of 3-methyl-5-ethylphenol yielded the same methoxy-acid on oxidation with hot 
aqueous KMnO, solution. This acid was identified with 1-methoxybenzene- 
3:5: 6-tricarboxylic acid (III) obtained earlier (Sen and Tiwari, loc. cz/.). 
Similarly, the methoxy-ketones derived from the migration of m-chlorophenol esters 
gave 2-methoxy-4-chlorobenzoic acid (IV) on oxidation, which on demethylation 
with 48% HBr in glacial acetic acid yielded the corresponding hydroxy-acid 
reported in the literature (Cohen, Chem. Zentri., 1901, 11, 925). Thus, the acyl group 
has migrated in or¢ho position in case of both the phenols. 


EXPERIMENTAL 


Eight new esters of mefa-substituted phenols : (2) 3-methyl-5-ethylphenol and’ 
(21) m-chlorophenol were obtained by the action of the appropriate acid chloride on 
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toluene, moderately soluble in glacial acetic acid and sparingly soluble in ethyl alcohol. 
It dyes wool in blood-red shade and cotton in pink colour. (Found: Cl, 9.22. 
Ce1H,,03CIS requires Cl, 9.37 per cent). 


2-(6- Chloro) thionaphthene-Y-phenanthrene-indigo 
2° 


MA 
- 
co b 
ATX. Cfo 
° \C=ce 
cls bia 
V/s 57 , 
q 4 , 
. 8 
7° 
(Il) 


It was prepared in the same way as the first compound from phenanthraquinone 
(0.936 g.) and 6-chloro-63-hydroxythionaphthene (0.7838 g.) in boiling glacial acetic 
acid (50 c.c.) and strong hydrochloric acid (3 c.c.). The jelly-like chocolate coloured 
product was digested with 10 c.c. more of glacial acetic acid for 25 minutes, filtered 
hot and washed similarly. The dye (1.359 g.) separated from xylene in needles. It is 
soluble in pyridine, nitrobenzene, aniline, xylene, toluene and tetralin ; difficultly 
soluble in benzene ; moderately soluble-in glacial acetic acid and carbon tetrachloride ; 
sparingly soluble in acetone and ethyl alcohol. Strong sulphuric acid dissolves it 
in cold giving a yellowish green solution. (Found: Cl, 9.46. Co2eH;,02ClS 
requires Cl, 9.47 per cent). 


DEPARTMENT OF CHEMISTRY, 
Scrence CoLieGe, Patna. Received November 17, 1951. 
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STUDIES ON FRIES REARRANGEMENT. PART VIII 
By A. B. Sen AnpD S. S. Tiwari 


The Fries rearrangement of nine esters, each of 3-methyl-5-cthylphenol and m-chlorophenol, has 
been investigated at two temperatures with a view to study the nature of the products formed. In all 
the cases ortho-hydroxy ketones have been obtained. 


In continuation of our work on studies on Fries rearrangement reported in the 
earlier parts of this series (this Jourma/, 1951, 28, 661 ; 1952, 29, 35), 407) we have 
extended it to the Fries rearrangement of nine aliphatic esters of mefa-substituted 
phenols: (¢) 3-methyl-5-ethylphenol (I) and (2%) m-chlorophenol (II), at 130° 
without a solvent and at 25° in nitrobenzene as a solvent. The same or/ho-hydroxy 
ketones were obtained under both the sets of conditians in case of both the phenols 
investigated. 


Me™, O.COR Me“ OH Methyl: Me“ OMe !0) HOOC/ ‘OMe 
| ae | 
VY \/COR ——” \_/COR \ /COOH 
Et Et Et ; COOH 
(D (ID 
cl/”0.COR CI“NOH Methyl- cl” NoMe [01 = cl” NoMe 
Cine | Cad — | | 
<Z \ /COR \ /COR \ /COOH 
(ID (IV) 


The products conformed to the characteristic properties of o7rtho-hydroxy 
ketones and could be methylated in the usual way. 


The different methoxy ketones derived by the migration of the different esters 
of 3-methyl-5-ethylphenol yielded the same methoxy-acid on oxidation with hot 
aqueous KMnO, solution. This acid was identified with 1-methoxybenzene- 
3:5: 6-tricarboxylic acid (III) obtained earlier (Sen and Tiwari, Joc. ci/.). 
Similarly, the methoxy-ketones derived from the migration of m-chlorophenol esters 
gave 2-methoxy-4-chlorobenzoic acid (IV) on oxidation, which on demethylation 
with 48% HBr in glacial acetic acid yielded the corresponding hydroxy-acid 
reported in the literature (Cohen, Chem. Zenéri., 1901, II, 925). Thus, the acyl group 
has migrated in or/ho position in case of both the phenols. 


EXPERIMENTAL 


Eight new esters of mefa-substituted phenols : (2) 3-methyl-5-ethylphenol and 
(21) m-chlorophenol were obtained by the action of the appropriate acid chloride on 








420 A. B. SEN AND §. S. TIWARI 


the phenols in the presence of magnesium and benzene, following the method of 
Spasov (Ann. Untv. Sofia, 1938-39, 2, 35, 289). 


The appropriate phenol (0.1 4/), anhydrous benzene (25 cc.) and magnesiim 
ribbon (12 ¢,) were taken in a '250c.c.r.b. flask fitted with a reflux condenser 
carrying a calcium chloride tube and a dropping funnel. The appropriate acid 
chloride (0.144) was gradually added to it. The reaction mixture was 
heated at 90° for one hour. Benzene was distilled off and the mixture was 
extracted with ether. The ethereal layer was washed with 1% caustic soda, then with 
water and dried over anhydrous sodium sulphate ; the ether was distilled off and the 
residue distilled under reduced pressure (Tables Ia and Is). 


TABLE Ia 

3 : 5-Methyl- 

ethylphenyl % Yield of B.P. Molecular % Carbon % Hydrogen 

esters. the ester. formula. Found. Calc. Found. Calc, 
Propionate 89.2 142°/28 mm. C,2H,.O0, 7485 75.0 8.20 8.33 
Butyrate 84.7 147°/26 C13H,.0, 75.51 75.72 8.62 8.73 
Caproate 84.2 180°/17 C5 eeOe 76.78 76.93 9 33 9.40 
Heptoate 82.4 157°/10 Ci gHs4Oe 77.22 77.42 ‘O51 9.67 
Caprylate 92.4 200°/16 C,,H,,O; 77.68 77.86 9.82 9.92 
Caprate 76.9 200°/2 C1 9H3,0:. 78.43 78.62 10.16 10.34 
Laurate 83.3 220°/15 C,4,H3,O0, 78.84 79.24 10.60 10.69 
Myristate 85.8 37°/(m.p.) Co,;Hs,O2 79.55 79.76 10.73 1098 

: Tasie I B 

m-Chloro- %Yield of B.P. Molecular %Carbon % Hy@rogen 

phenyl ester. the ester. formula. Found. Cale. ! Found. Cale. 
Propionate 85.5 160°/2 mm.* C,H,O,C1 58.16 58.52 4.82 4.88 
Butyrate 88.03 155°/35 C,,H,,0,Cl 60.32 60.47 5 46 5.54 
Caproate 80.52 1707/25 C,,H,,0,Cl 63.26 63.57 6.57 6.62 
Heptoate 81.25 1767/25 C,3H.;O,Cl 44.59 64.85 7.01 7.07 
Caprylate 83.53 164°/8 C,,H,,0,Cl 65.88 66.01 7.86 7.47 
Caprate 86 200°/30 C,,H,;0,Cl 67.67 67.96 8.00 8.14 
Laurate 77 215°/32 C,.H,,O.Cl 69.41 69 56 8.49 8.70 


Myristate 75.2 270°/40 CyoH3,02Cl 70.76 70.91 8.98 9.16 
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Fries Rearrangement of the Esters 


The Fries rearrangement was studied at 130° without a solvent and at 25° in 
nitrobenzene. The general procedure followed is given below. 

Rearrangement at 130°.—Finely divided anhydrous aluminium chloride (0.1 44) 
was taken in a 125c.c.r.b. flask fitted with a reflux condenser carrying a dropping 
funnel and a calcium chloride tube, and the ester (0.0647) was added to it. The 
evolution of hydrochloric acid commenced at 60°. The temperature was gradually 
raised to 130° in an oil-bath. After 2 hours the reaction mixture was cooled, and 
dilute hydrochloric acid was added to the red puffy mass so, obtained, to decompose 
the complex. The oil that separated out was taken up in ether, washed successively 
with water, 1% sodium carbonate solution and then again with water. After dehydra- 
tion over anhydrous sodium sulphate, the ether was distilled off and the residue 
distilled under reduced pressure. 


Rearrangement af 23° in Nitrobenzene.—Finely powdered anhydrous aluminium 
chloride (1.3 equivalents) in nitrobenzene (5 equivalents) was taken in a three-necked 
flask fitted with a reflux condenser carrying a calcium chloride tube, a dropping 
funnel and a mercury seal mechanical stirrer ; the ester (1 equivalent) was gradually 
added, while the flask was cooled in ice. The mixture was stirred for six hours and 
the temperature was gradually allowed to rise to the room temperature (25°). The 
mixture was poured on to ice and dilute hydrochloric acid and steam-distilled. No 
residue was obtained in the distillation flask. The distillate (containing ortho- 
hydroxy ketone and nitrobenzene) was made alkaline with caustic soda solution and 
nitrobenzene extracted with ether. The aqueous layer was acidified with hydrochloric 
acid and the ketone isolated as in the previous case. 


The distillate gave an intense red-violet colour with ferric chloride and on 
addition of dilute caustic soda, a yellowish red precipitate was obtained. It thus 
conformed to Pyman’s test for or/ho-hydroxy ketones (Pyman, /. Chem. Soc., 1930, 
280). The ortho-hydroxy ketones, thus obtained, were converted into their 2: 4- 
dinitrophenylhydrazones, which were recrystallised from glacial acetic acid. The 
yield of ketones at 25° in nitrobenzene was.a little more than at 130° (Tables Ila 
and IIs). 


Methoxy-kelones and their Oxidation.—The methoxy-ketones were obtained 
by methylating the individual hydroxy ketone (1 mole) with freshly distilled 
dimethyl sulphate (40 g.) and 10% caustic soda solution (25 g. dissolved in 
250 c.c. water) at the room temperature and then with the same quantities of these 
reagents after warming the reaction mixture on the water-bath for one hour. The 
mixture was subsequently heated on the water-bath for 5 hours to complete the 
reaction atid to decompose the excess of dimethyl sulphate. The methoxy-ketones 
were extracted with ether and isolated in the usual way. In case when it was a 


solid, it was recrystallised from alcohol. 


The methoxy-ketone (0.1 mole) was oxidised in the uspak Way with an excess 
of 35% aqueous KMnQ, solution (0.9 mole). Whenno‘mote of the permanganate 
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solution was decolorised, the reaction mixture was filtered, and the filtrate con- 


centrated. The filtrate was acidified with dilute HCl and the solid 
was recrystallised from water (Tables II[a and IIIs). 


Ketones. 


R-methyl K 
R-ethyl-K 
R-propyl-K 
R-n-amyl-K 
R-n-hexyl-K 
R-n-heptyl-K 
R-n-nonyl-K 
R-n-undecyl-K 
R-n-tridecyl-K 


Ketones. 
R-methyl-K 
R-ethyl-K 
R-propyl-K 
R-n-amyl-K 
R-n-hexyl-K 
R-heptyl-K 
R-n-noxyl-K 
R-n-undecyl-K 


R-n-tridecyl-K 


We.of %Yield of 
ketone. the methoxy 
ketone 
4g. 83.5 


2 79.07 


tht 


74.77 
75.22 
75.83 
75.83 
77.3 
73.4 
74.07 


to t 


th 


Nu WwW pp 


separatin; 
TABLE III a 

BP. Molecular %Carbon % Hydrogen 
formula. Found. Cale. Found. Calc. 

173°,3lmm. C,,H,,O, 7482 75.0 8.12 8.33 
175/29 Cy3H,<O, 75.38 75,72 8&6 8.73 
1757/28 C,.8,.0, - 7615 76.30 895 9,09 
215/48 “© CyeH,,O, 77.11 77.42 9.52 9.67 
220°/35 C..%.0, 76 77.26 9.86 9.92 
205°/30 C,.H,.O, 77.98 7826 10.01 1014 
230°/ 27 a f. te 7891 1043 10.53 
230°/23 Ce.H360, 79.01 79.22 10.75 1084 
58° C.,H 4003 79.74 80.0 1098 1111 

(m.P.) 


R=1-hydroxy-3 : 5-methylethyl ; K =acyl-ketone (6 or 2). 


TABLE III B 
Wet. of % Yield. Molecular 
ketone, B.P. formula, 
34g 894 165°/35mm. C,H,O,Cl 
1.85 85.4 170°/50 C,9H,,0.Cl 
2 90.09 135°/45 C,,H,3;0.Cl 
2.3 87.5 135°/33 C,3;H,,O,Cl 
2.4 90.2 180°/36 C,,H,,0,Cl 
25 89.5 110°/19 C,,H,,0,Cl 
2 84.9 1507/29 C,,H,,0,Cl 
16 765 150°/31 C,,H_,0,Cl 
11 = 75.0 ~=-:170°'/27, ~Ss C4 Hg, Cl 


R=2 hydroxy-4 chlorophenyl ; K - ketone 


CHEMISTRY DEPARTMENT. 
Lucknow University. 


% Carbon 
Found. Calc. 
58.1 58.52 
60.20 60.41 
61.86 62.13 
64.61 €4.86 

6581 66.01 
66.72 67.05 
68.4 68.8 
69.89 70.26 
71.25 71.50 


% Hydrogen 


Found. Calc. 
4.85 4.88 
5.19 5.54 
6,09 6.12 
7.04 7.07 
7.21 7.47 
7.87 8.20 
8.41 8.43 
8.73 8.94 
9.13 9.36 


Received August 22, 1951. 
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STUDIES ON THE ACTIVE PRINCIPLES ISOLATED FROM THE 
LEAVES OF AEGLE MARMELOS, CORREA 


By AsimA CHATTERJEE (NEE MOOKERJEE) AND SUKUMAR BOSE 


An alkaloid, Rutacin (C,,H,,0,N. m.p. 176°) and a sterol, Aegelin (C,,.H,,O,, m-p. 175°) have wean 
isolated from the leaves of Aegle marmelos, Corréa. Rutacin is a monoacidic tertiary base and on omc 
dust distillation produces quinoline. The physica! and chemical properties of rutacin are very similar 
to those of skimmianine (C,,H, ;0,N, m.p. 176°) ; their U. V. absorption spectra and molecular extinction 
are the same.(absorption maxima at 249 m#, 320 m# and 331 m# and the minima at 228 m#, 277 all 
and 324 m # respectively) thus proving the identity of rutacin with skimmianine. The sterol, eegelin 
contains a hydroxyl group and its U. V. spectra show the absorption maxima at 276 m# and the minima 
at,-217 m*. Selenium dehydrogenation of acgelin has been studied) and the ,corresponding 
dehydrogenation product'could not te crystallised. 


Aegle mirmelos, Corréa (Rutaceae) is a well known medicinal plant of India 
and has proved very useful in tropical diseases. Several active principles have been 
isolated from the fruits (Dikshit and Dutt, this /ourna/, 1930, 7, 759; 1932, 9, 271 ; 
Spath, Bose, Guha and Griiber, Ber., 1937, 70, 1021) and the bark (Chatterjze {née 
Mookerjee}, Curr.: Sci," 1943, 20, 71; Chatterjee {née Mookerjee} and Mitra, 
J. Amer. Chem. Soc., 1949, 71, 606) and their properties and constitution have been 
studied. No chemical investigation has been done so far on the leaves, the fresh 
juice of which possesses therapeutic values in catarrah and feverishness. The present 

~investigation on the leaves of A. marmelos has been undertaken with a view to 
ascertaining active principles in them. Two crystalline constituents have been 
isolated from the leaves. One of which is an alkaloid, rutacin and the other, a sterol 


which has been provisionally called aegelin. 


Rutacin is optically inactive and does not produce any coloration with ferric 
caloride in alcohol. It has a violet fluorescence. Rutacin is neutral to litmus but 
its solution in hydrochloric acid produces an orange precipitate with potassium 
bismuth iodide, a yellowish white precipitate with potassium mercuric iodide and 
a chocolate precipitate with-iodine in potassium iodide. It shows the presence of 
three methoxyl groups and gives negative tests for carbonyl, hydroxyl, methylene- 
dioxy, phenolic and NMe groups. Rutacin is a monoacidic tertiary base and forms 
well crystalline salts with organic and mineral acids. It forms a chloroplatinate, and 
yields a monomethiodide. On distillation with zinc dust, rutacin undergoes degrada- 
tion and quinoline (I) has been isolated from the degradation products. Rutacin 
from the study of its behaviour and properties appears to be ‘identical with the 
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alkaloid skimmianine (II), m. p. 176° (Chatterjee {née Mookerjee} and Bose, this 
Journal, 1946, 23, 6) with which it did not show any depression in m. p. when mixed. 
The U. V. absorption spectra of skimmianine and rutacin in alcohol were found 
to be the same. Both of them showed the absorption maxima at 249 mr, 
320 mp and 331 mp and the absorption minima at 228 mp, 277mp and 324 mp 
respectively. Their molecular extinction (85 x 10*) is also found to be the same. 
Thus, it is established that the alkaloid rutacin is identical with skimmianine (II). 


Aegelin (C,;s3H;:O4) shows negative tests for methoxy, methylenedioxy, 
carbonyl and phenolic hydroxyl groups. But on acetylation it produces a monoacety! 
compound, CooH20Qs and therefore aegelin has an alcoholic hydroxyl group. The 
U. V. absorption spectra of aegelin has been studied. It shows the absorption 
maxima at 276 mp and the minima at 217 mp. For determining the skeletal 
structure of aegelin, several experiments on selenium dehydrogenation of aegelin have 
been carried out following the procedure of Cook, Cohen, Hewett and Girard (/. 
Chem. Soc., 1934, 653) employing the quantities of reactants in different proportions 
(aegelin : selenium=1: 2,1: 3,1:4,1:5,and1:6 and1:10) and also in different 
quantities (using 0.3g., 0.5 g. and 1.0 g. of aegelin). From selenium dehydrogenation 
products only an oily mass could be isolated which did not crystallise.} Further 
attempts are being made to prepare its crystalline derivatives the detailed reports 
of which will be communicated later. 


ExPERIMENTAL 


Isolation of Rutactn—Powdered, sun-dried leaves (4.0 kg.) of Aegle marmelos 
were soxhletted with ether (6litres) for 72 hours. The deep green ethereal 
extract was concentrated to 500 cc. and then digested with 1% hydrochloric 
acid (250 -cc.). The hydrochloric acid extract was separated and the 
non-basic ethereal residue was washed with water, dried over anhydrous 
sodium sulphate and concentrated to 200 c.c. The concentrate (Q) was kept 
in’ the frigidaire for a month. The aqueous acid extract was cooled in ice 
and basified with sodium-bicarbonate The base separating was taken up in 
chloroform (500 c.c). Chloroform extract was washed with water, dried and distilled. 
The residue was an oily mass which on being kept overnight crystallised out in 
thick rhombic plates (6.0g.), m. p. 174-76°. On several recrystallisations from a 
mixture of chloroform and alcohol and finally from acetone and ethyl acetate, the 
m.p. of rutacin could be raised to 176°. It was sublimed in vacuum (170°-175"/ 
0.08 mm.) and the sublimate, m.p. 176-77°, crystallised from ethyl acetate in prisms, 
m.p. 177°. Rutacin is freely soluble in chloroform, sparingly in hot acetone, ethyl 
acetate and ether and insoluble in petroleum ether or water. [(Found (in a dry 
sample): C, 65.04; H, 5.09; N, 5.47; OMe, 35.88; M.W. (by chloroplatinate and 
Rast’s method), 265, 253. C,4H;304N requires C, 64.86; H, 5.02; N, 5.41; OMe, 
35.96 per cent. M. W., 259]. 


With concentrated sulphuric acid and other alkaloidal reagents it gives the 
following colour reactions. 
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TABLE I 
Reagents. Colour reactions. 
Conc. H.SO, Pale yellow solution with a green fluorescence. 
Erdmann’s reagent Dissolves with a pale yellow solution which changes to red. 
Frihde'’s reagent Pale yellow solution changing to olive-green after a day. 
Mandelin’s reagent Dissolves with a dirty yellow colour changing to olive-green and 


finally emerald-green. 


Conc. HNO» Dissolves with an orange-red solution changing to red. 


Rutacin Picrate.—Rutacin picrate was prepared by adding an ethereal solution 
of rutacin to picric acid (in ether). The yellow precipitate crystallised from alcohol 
in shining yellow needles, m.p. 196-97° (decomp.). [Found (in a dry sample) : C, 49.25 : 
H,3.5; N, 11.68. C,;4H;3;0,N.C,H:(NO2);OH requires C, 49.18; H, 3.28; 
N, 11.48 per cent]. 


Rutacin Oxalate—An alcoholic solution of oxalic acid was added dropwise 
to an alcoholic solution of rutacin (0.1g.). The resulting solution was concen- 
trated and left for 24 hours when needle-shaped crystals appeared. It was recrys- 
tallised from rectified spirit, m.p. 122-23°. It is soluble in water and acidic to litmus. 
[Found (in a dry sample): N, 4.70. (Ci4H:304N)o. HeC2O, requires N, 4.76 
per cent]. 


Rutacitn Perchlorate.—To the suspension of powdered rutacin (0.3 g.) in 2c.c 
of water were added slowly 2 c.c of 70% perchloric acid. The whole mass was cooled 
in ice for an hour and the separated solids crvstallised from boiling water containing 
a little perchloric acid as shining colorless needles, m.p. 210°. (decomp.). [Found (in 
a dry sample) : Cl, 9.65. C;4H;30,N. HClO, requires Cl, 10.0 per cent). 


Rutacin chloroplatinate was prepared by adding an aqueous solution of the 
hydrochloric acid solution of ruracin to an aqueous solution of chloroplatinic acid, 
acidified with a little hydrochloric acid. The solution on concentration deposited 
orange plates, which did not melt but decomposed above 205°. [Found : Pt, 20.9. 
(C14H1304N) 9.HePtCle requires Pt, 21.01 per cent]. 


Rutacin Methtodtide.—To a solution of rutacin (0.1 g.) in dry acetone (5 c.c.) 
was added freshly distilled methyl iodide (1c.c.). The solution was concentrated 
to a viscous residue which crystallised from methyl alcohol, m.p. 186°. (Found : 
N, 3.56. C;4H,30,4N requires N, 3.49 per cent). 


Rutacin Sulphate.—To an alcoholic solution of rutacin (0.3 g.) were added a few 
drops of sulphuric acid-(2V). The mixture was evaporated when crystals appeared. 
Recrystallised from acetone, it showed the m.p. 193° (decomp.). [Found : S, 5.00. 
(C141 304N)e.H2SO,4 requires S, 5.19 per cent]. . 
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Rulacin Nitrate-—Rutacin (0.3 g.) was dissolved in lc.c. of nitric acid (2.V). 
The solution on evaporation in a vacuum desiccator deposited crystals which were 
recrystallised from alcohol, m p. 177°. [Found (in a dry sample) : N, 8.70. C14H1304N 
HNO; requires 8.68 per cent]. 


Zn-dust distillation of Rutacin.—The mixture of rutacin (1.0 g.) and zinc dust 
(5.0 g.) was heated strongly in a combustion tube in a current of hydrogen. The 
heating was continued for 15 minutes and the tube was rotated throughout the 
process. The products of distillation were absorbed in hydrochloric acid (5%). 
When the tube cooled down, the residue in the tube was washed with ether 
(50 c.c.). The red ethereal solution was mixed up with hydrochloric acid solution. 
The ethereal solution was separated, dried and distilled ; it left no residue. The 
red acid solution (50 c.c.) on basification liberated an oily mass, which was taken up 
in ether (30c.c.), washed, dried and distilled. The residue was distilled at 
80°-85°/0.1 mm. It had the smell like quinoline and became red when kept for 
sometime in air. To the ethereal solution of the oil (2 drops) was added an ethereal 
solution of picric acid. The yellow precipitate obtained was crystallised from 
alcohol in shining yellow needles, m.p. 199-201° (decomp.). [Found (in a dry sample) : 
N, 15.69. CoH;N. CgH2(NOg)s3.OH requires N, 15.61 per cent]. 


Isolation of Aegelin.—The concentrated ethereal solution (Q, vide supra), left 
in the frigidaire, deposited crude aegelin (3.6 g.). It was crystallised five times from 
ethyl acetate when almost pure aegelin, m.p. 173-74" was obtained. It was finally 
purified by several crystallisations from alcohol and acetone when m.p. of aegelin 
rose to 174-75°. Aegelin is freely soluble in chloroform, moderately in acetone, 
alcohol and ethyl acetate, sparingly in benzene and insoluble in ether. [Found (in 
a dry sample): C, 72.49; 72.52; H,621, 622; M.W. (Rast), 296.6. C,sH;,O,4 
requires C,72.49; H,6.04 percent. M.W., 298). 


Aegelin gives colour reactions with the following sterol reagents. 


Tasce Il 
Reagents. Colour reaction. 
1. Liebermann-Burchard reagent 
(a) in acetone Yellow coloration 
(6) in chloroform Yellow coloration 


2. Salkowisky reagent First yellow, then pink. 


3. Lifschutz reagent Red coloration 


Yellow coloration 


4, Tschugazeff reagent 
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Monoacetyl-aegelin—To a solution of aegelin (0.1 g,). in acetic anhydride 
(2 c.c.), dry pyridine (2 drops) was added and the clear solution was refluxed for 
4hours. The reaction mixture was poured into water containing ice chips when 
solids separated out. It was crystallised from ethyl acetate in colorless crystals, m.p. 
159-160". [Found: C, 70.38; H,589; M.W. (Rast) 333.6. C;sH;;03. OCOCHs 
requires C, 70.59 ; H, 5.89 per cent. M.W., 340]. 


Selenium Dehydrogenation of Aegelin.—The mixture of aegelin (0.22 g.) and 
selenium (0.6 g.) was heated in a distillation bulb to 320° for an hour in a metal-bath. 
The reaction product could not be crystallised and on sublimation at 220°/0.8 mm., 
an oily mass was obtained which also did not crystallise nor could produce any 
crystalline derivative. The selenium dehydrogenation product is being under 
further investigations. 


The authors wish to express their thanks to Professor P. Ray and Professor 
S. N. Bose for their kind interest in this work. 


DEPARTMENT OF Pure CuemiIsTRY, 
University CoLiece or ScreNce 
AND Tecuno.oey, CaLcurrTa. Received September 28, 1951. 
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CHEMICAL EXAMINATION OF SEEDS OF JPOMOEA MURICATA. 
PART III 


By A. L. MISRA AND J. D. TEWARI 


Muricatin-A, (from the lead acetate purification of the crude resin of I. Muricata) on being sub- 
mitted to alkaline hydrolysis (EtOH-KOH) and subsequent acidification and ether extraction yielded a 
product (m.p.104°-106°) of the composition C,,H,4Q,3-1}H.O. This substance, tentatively named 
as Muricatin-B,, is also glucosidic in nature and has first a bitter, then a sweet taste. On being esterified 
it was converted into a compound, identical in many respects to Muricatin-A. Both the glucosides 
Muricatin-A and-B, are optically active B-glucosides, the specific rotations being [4] }°=—29°.8 and[ « ]’. 


=—43°06 respectively in absolute alcohol. 


In the alkaline hydrolysis of Murican-A, the ethereal layer furnished a very soft, 
waxy mass which on being resolved by alcoholic alkali gave palmitic and stearic 
acids from the acidic portion and a crude alcohol (m.p. 46-47°), a sterol (m.p. 119°) 
(not sharp) from the alcohol portion The crude compound (m.p. 46-47’) on being 
oxidised with chromic acid in glacial acetic acid yielded palmitic acid (m.p. 61-62°) 
showing that this ‘alcohol portion of the waxy compound might contain cetyl alcohol 
along with other alcohols (Chibnall e¢ a/., Biochem. ]., 1934, 28, 2189). 


ExPERIMENTAL 


Alkaline Hydrolysis of Muricatin-A.—The hydrolysis of Muricatin-A (5 g.) 
was carried out with A/2-alcoholic caustic potash under a reflux on a water-bath 
for 6 hours. During the hydrolysis a very faint fruity smell was evolved and 
Muricatin-A dissolved to a brown solution. At the end of the operation, the alcohol 
was distilled off and the last traces removed on a water-bath. The syrupy mass 
was dissolved in water and shaken with ether to remove the unsaponifiables (analysis 
of which was done in connection with the chemical examination of the fixed oil in 
a previous paper, this Journal, 1951, 28,721). The‘aqueous layer was acidified with 
dilute sulphuric acid and shaken with ether. The mixture separated in three layers: 
(a) upper ethereal layer, (4) a middle thin layer of an oily, dark coloured 
substance and (¢) the lower aqueous layer. All the layers were separated ; the 
aqueous and the oily layers were again shaken up with ether separately. By this 
treatment a further crop of the oily substance was obtained from the aqueous layer. 
These were examined separately. 


Ethereal Layer 
On evaporation of ether a very soft, waxy, light brown substance was left 
behind. It was refluxed with ether and animal charcoal. The solvent after 
being evaporated left a waxy mass, m.p.45-46°. 
The waxy material (13.787 g.) was boiled with 30 c.c. of alcoholic caustic 
potash and about 50-60 c.c. benzene under reflux for about half an hour ; 50 c.c. of 
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hot water were then introduced through the condenser, boiled for 15 minutes more 
and then the contents of the flask allowed to separate into two layers, a lower some- 
what turbid layer of the alcoholic solution of soap and an upper, clear yellowish layer 
of the solution of alcohols and hydrocarbons. The hot soap solution was separated 
and about 25 c.c. of alcohol added to the hot benzene solution and 50 cc. of 
boiling water poured in through the condenser. and the contents again boiled for about 
15 minutes. On cooling, two layers again separated. The lower layer was removed 
and combined with the soap solution. The benzene solution was poured into a 
weighed dish and the flask washed several times with hot benzene. After removal of 
the solvent, the residue weighed 1.0644 g. 


The aqueous layer containing soap solution was acidified with dilute sulphuric 
acid and the mixed solid acids (12.439 g.) extracted with ether. 


Analysis of Fatty Acids from Waxy Matertal.—The solid acids were converted 
into their methyl esters by dissolving in absolute methyl alcohol, saturated with a 
current of dry HCl gas, and refluxing on a water-bath for about 15 hours, The 
esterified product was neutralised with sodium bicarbonate and distilled water added 
to it, when the ester layer at the top separated and the aqueous layer was repeatedly 
extracted with ether. The ethereal solution was well washed with water, dehydrated 
over anhydrous sodium sulphate and the solvent removed. This was then subjected 
to fractional distillation under reduced pressure (4mm.). The boiling ranges of the 
first and the second fractions were 170°, 175°-180°. A preliminary determination of 
molecular weight by alcoholic alkali titration method gave the mean M. W. as 2736, 
278.3. The fatty acids were then liberated from the first two fractions and were 
fractionally crystallised through acetone, when palmitic and stearic acids were 
obtained, m.p. 62-63°, 67-68° respectively. The mean M. W. of these agreed 
closely well with the theoretical. These were confirmed by mixed melting point 
with authentic samples of the acids. 


Analysis of Alcohol portion.—It was a white, waxy substance. It was treated 
with acetone when the major portion of it dissolved leaving behind a little solid 
substance which after being crystallised from boiling alcohol gave all the tests for 
sterols and melted at about 119°, but the melting point was not sharp. It appears 
to be a mixture of sterols. 


After removal of the sterols from the fraction, the solvent was removed leaving 
behind a waxy substance, m.p.47-48". 


Oxidation of the Waxy substance with Chromic Acid.—The soft waxy substance 
(m.p. about 47-48°) was taken up in glacial acetic acid, and to it a hot solution 
of chromic acid in glacial acetic acid added and the contents refluxed for about 
2 hours on a water-bath. The contents on being poured into cold water gave a 
white crystalline substance which on crystallisation from acetone melted at 59-62°. 
It was somewhat impure palmitic acid. From this it seems very probable that the 
original waxy substance of m.p. 47-48° might be cetyl alcohol along with some other 
alcohols, but nothing definite can be said regarding its exact composition because it 
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has been shown by Chibnall e¢ a/. (loc. cit.) that the alcohols of high molecular 
weight are mixtures of alcohols with even number of carbon atoms from Co4 to C3,. 
Usually a somewhat complex mixture of these compounds, inseparable by methods 
at present available, is present. They also point out that the use in literature of 
such terms as Ceryl or Mellisyl alcohols for Cog,H;3O0H, Cs39Hg,OH is misleading, 
since natural products referred to under these names are almost invariably mixtures 
of even numbered homologues. In view-of these facts, nothing definite can be said 
as to the exact nature of the alcohol obtained in the present case. 


The Middle Thin Layer in Alkaline Hydrolysis of Muricatin-A 


It was found to be:a highly concentrated solution of a substance (m.p.104-106°) 
in water. On being dried over a water-bath all the water was driven off, 
leaving behind almost a colorless substance. It was purified by dissolving it in dry 
acetone and refluxing with animal charcoal. It was tentatively named as Muricatin-B. 


Properties of Muricatin-B.—The colorless crystalline substance (m.p.104-106°) 
crystallises in beautiful star-shaped crystals from dry acetone. The taste is at first bitter 
and then sweet. The product,-unlike the mother substance Muricatin A, is soluble 
in water. When in a dry state it is easily soluble in methyl alcohol, ethyl alcohol, 
cold acetone, sparingly so in ether, benzene and chloroform. It is insoluble in petro- 
leum ether (b.p.40°-60°) and when moist it is insoluble in ether, chloroform and 
benzene also. 

As such it does not reduce Fehling solution but does so on hydrolysis with 
dilute mineral acids. On merely warming with dilute mineral acid it gives a pale 
yellow waxy aglucone, m.p. 54-55°. Boiling with dilute mineral acids effects its 
hydrolysis with partial carbonisation. The aglucone can be separated on shaking 
the reaction mixture with ether. [Found: C, 5525; H 851; M.W. 630, 626, 640 
(depending on dryness). Cs9H54O;;3, 14 HeO requires C, 55.45; H, 877 per cent. 
M.W., 649}. 

Equivalence of Muricatin-B.—A known weight (0.3104 g.) was refluxed with an 
excess of standard .V-10 caustic potash and the excess titrated back. 1 G. of the 
substance requires 0.0909 g. of caustic potash for neutralization. Theoretically (for 
an air-dried sample) 1g. of the substance requires 0.09004 g. of caustic potash. 


Esterification of Muricatin-B.—Muricatin-B (about 2 g.) was esterified with 
absolute ethyl alcohol and dry hydrochloric acid gas over a water-bath for 6-7 hours 
and the ester isolated by the usual method. On removal of the solvent, taking up the 
solid in absolute alcohol and refluxing with animal charcoal a pale yellow, hygros- 
copic, brittle solid agreeing in all respects to Muricatin-A was obtained. This shows 
that Muricatin-A probably stands as the ethyl ester of Muricatin-B. 


Optical Rotations of Muricatin A and B.—A quantity of Muricatin-A was 
dissolved in 50 c.c. alcohol (absolute) and the solution boiled with successive 
small amounts of animal charcoal till it became perfectly colorless. The optical 
rotation of this liquid in a 2-dcm. tube was -1°40 and the amount of substance 
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contained in 10c.c. of this liquid after drying at 105°-110° was 0.2796 g. [x]ib= 
—~—29°80. Another set of observations gave the value —28°.97. 


By following a similar method optical rotation of Muricatin-B was determined. 
The concentration of Muricatin-B in 10 c.c. of the solution was 01672 g. and the 
rotation, 0°.72 in one dem. tube, hence [«] ‘8 = — 43°.06, 


Characteristic of Glucosides Muricatin A and B 


A known amount (5 g.) of Muricatin-B was dissolved in 100 c.c. of water. This 
solution was divided into two parts of 50 c.c. each. Both were heated for 10 minutes 
at 100° by putting the stoppered flasks over a boiling water-bath and then cooled. 
Emulsin (0.5 g.) was added to one solution. The other flask acted as the ‘control.’ 
Both the flasks were then kept in an incubator at 30°-35° for 3to 4 days. After this 
period, the liquid in which emulsin was added was found to reduce Fehling 
solution slowly, suggesting thereby that emulsin is capable of hydrolysing Muricatin-B. 
Similarly Muricatin-A was also hydrolysable by emulsin. 

The glucosides A and B thus obey Bourquolet’s rule “the glycosides hydro- 
lysable by emulsin are usually laevorotatory and yield glucose on hydrolysis.” 

An attempt was also made to determine the Index of enzymolytic reduction, 
té. the ratio of sugar produced in 100 c.c. calculated as glucose in mg, to the change 
of rotation in degrees observed ina 2dcm. tube, but the amount of sugar formed 
was low, so it could not be estimated by copper reduction method. The method 
therefore did not meet with any success. 

One of us (A. L. Misra) wishes to make a grateful acknowledgement to the 
Kanta Prasad Research Scholarship Endowment Trust of Uttar Pradesh for the 
award of a research scholarship which has enabled him to take part in this investi- 
gation. 


CHemMIcAL LABORATORIES. 
Tue University, ALLAHABAD. Received June 8, 1951, 
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ON THE NATURE OF THE COLOURING MATTER OF THE ‘JAMBUL’ 
FRUIT (EUGENIA JAMBOLANA) 


By G. VENKATESWARLU 


The purple colouring matter of the ‘Jambul’ tree has been extracted and is shown to give colour 
reactions for an anthocyanin pigment of the wine-red group. The various colour reactions indicate the 
possibility of a cyanidin rhamno-glucoside being present. 


The various parts of the Jambul tree (N. O. Myrtacae) have been used as 
medicaments in several countries. Early workers (Borsch, Pharm. Ztg., 1899, 
44, 574; Pottiez, Ann. Pharm. Louvian, 1899, 5, 373, 490; Power and Callan, 
Pharm. ]., 1912, iv, 34, 414 ; 1913, 91, 245; Johanson, Dissert. Dorpat, 1891 ; Elborne, 
Pharm. ]., 1888, 3. 932 ; Stephenson, 76/d.,1892, 211; Hart and Heyl, 7. Amer. Chem. 
Soc , 1916, 38, 2805: Murti and Rao, /. Jvd. Proc. Sct., 1944, 20A, 163) directed 
their attention mainly to study the comparative value of the several parts of the 
tree for medicinal use and the active principles responsible for such medicinal 
properties. 


Rao and Seshadri (Curr. Sct., 1939, 8, 120) who repeated the experiments of 
Hart and Heyl (doc. cit.) in addition to the findings of the latter workers, reported that 
the purple colouring matter of the fruit was partly due to the occurrence of 
cyanin (cyantdin diglucoside), and that a considerable portion of the colour was 
due to the presence of a second pigment, phenolic in nature, m.p, ‘300°. 


As there was no further elucidation on the nature of the colouring matter of 
the Jambul fruit, work was undertaken in this laboratory to make a detailed study 
of the same. As the Jambu/ fruit is a seasonal one, preliminary work of a qualitative 
nature was undertaken to study the nature of its colouring matter during this season. 
The following are the findings of such qualitative study and the same may be 
tentatively accepted pending quantitative work and confirmation of the present 
results at the onset of the next season. Further work on adsorption analysis and 
chromatographic isolation of the pigment is in progress. 


EXPERIMENTAL 


The extraction of the colouring matter from the dried outer skins would have 
been ideal, but the separation of the pulp from the skins was not successful in the 
case of the fresh fruit and hence 400 g. batches of the pulp were used for extraction of 
the pigment with 400 c. c. of glacial acetic acid each time. The anthocyanin could not 
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be precipitated in a solid form from its acetic acid solution with ether at room 
temperature. About 400 c.c. of the acetic acid extract was treated with about 
1 litre of ether and the mixture was shaken well and kept overnight when about 
100 c. c. of a thick brownish red liquid separated from the main bulk of the ehereal 
layer. The pigment, thus obtained, was separated from the ether solution and treated 
with about 400 c. c. of acetone when a gummy mass of snuff-brown colour separated. 
This solid portion was dissolved in about 10 c. c. of alcoholic hydrochloric acid (17 
and was treated with 250-300c.c. of ether twice successively, when a concentrated 
solution of the pigment separated from the ethereal layer which, when left to 
itself, afforded colorless crystals. 


A drop of the alcoholic solution was evaporated at room temperature on a 
microscopic slide, and the crystalline residue of the pigment was examined under 
the microscope. The crystals were mixed up with white plates surrounded by the 
dark purple anthocyanin. Another drop of the alcohol solution was evaporated on 
another slide and the residue was treated with a drop of picric acid solution. On 
exposure to air, the residue dried and it formed chocolate-brown patches 
enmeshed in the long rod-like yellow crystals of picric acid. 


A, Colour Reactions of the Anthocyanin Pigment: General.—The glacial 
acetic acid extract (500 c.c.) of the pigment was saturated with sodium chloride 
and treated with 100 c.c. of amyl alcohol. The amyl alcoholic layer containing the 
extracted pigment was shaken with successive quantities (10 to 15¢.c. each time) 
of 0.5-1.0% hydrochloric acid when the pigment passed into the latter. The same 
alcohol, deprived of the pigment, was re-used to extract the colouring matter from 
the acetic acid solution. The aqueous acid solution of the pigment was washed 
with ether to remove the amyl alcohol and the ccloured solution obtained was used 
for the following reactions. 


The pigment solution gave a blue precipitate with lead acetate solution and a 
bluish green colour with sodium carbonate, indicating that it belongs to the wine. 
red group (Weigert’s classification). The pigment can be extracted from its amyl 
alcoholic solution with 0.5-10% aqueous hydrochloric acid by repeated washing- 
characteristic of mono-glucosides (Perkin and Everest, “Natural Organic Colouring 
Matters”, 1918, p. 246). The test for the presence of complex diglucosides (Robinson 
and Robinson, Biochem. /., 1931, 25, 1687) was negative indicating the absence of the 
same. The pigment solution was shaken with amy! alcohol when the aqueous 
solution was more coloured than the alcoholic layer ; and the colour could be salted 
out into the alcohol, a characteristic of rhamno-glucosides (Robinson and Robinson, 
tbid., 1932, 26, 1647). 


B. Colour of the Anthocyanidin— About 100 cc. of rhe antho- 
cyanin solution, examined and described before as in (A), was mixed with about 90 c. c. 
of concentrated hydrochloric acid. The mixture was boiled for half a minute, cooled 
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and was shaken with 15 c. c. of amyl alcohol. The anthocyanidin was extracted by 
amyl alcohol. The aqueous acidic ‘layer was washed four times with amy! 
alcohol and examined for the carbohydrates as in (C), below. The amylalcohol solution 
of the anthocyanidin was washed four times with 1% aqueous hydrochloric acid 
and its reactions are given below. 


The colour of the anthocyanindin solution in amyl alcohol was red and turned 
brown on standing. When treated with sodium carbonate, the blue colour passed 
into the aqueous layer. Sodium acetate crystals gave a blue-violet colour with amy! 
alcoholic solution of the anthocyanidin; 10-15c.c. of benzene were required to 
decolorise the amyl alcoholic solution (1 c.c.) with 3 c.*c. of 0.5% aqueous hydro- 
chloric acid. The anthocyanidin could he completely extracted from the aqueous layer 
by the cyanzdin reagen& (Robinson and Robinson, Joc. ct¢.). The above reactions 
confirm the presence of cyantdin. 


The anthocyanidin was hydrolysed with boiling 60% potassium hydroxide for 
3 minutes, the product cooled, acidified and extracted with ether. The ether extract 
was washed with saturated sodium bicarbonate solution and evaporated to dryness. 
The solution of the residue in water gave a red precipitate with aniline nitrate and 
sodium nitrite, and a golden yellow colour with ammoniacal ferricyanide (cf. 
Sondheimer and Kertesz, 7. Amer. Chem. Soc., 1948, 60, 3476) indicating the presence 
of phloroglucinol, which is the hydrolysis product of the anthocyanidins. 


C. Identification of the Carbohydrate.—The reactions for the identification 
of the carbohydrate were carried out with the aqueous solution obtained after 
hydrolysing the anthocyanin solution and subsequent extraction of the aqueous acid 
solution free from the anthocyanidin, four times with amyl alcohol, as indicated 
in (B). The reactions for the sugar portion of the glucoside molecule are given as 
hereunder (Morrow “Biochemical Laboratory Methods”, 1935) : 


TABLE I 


The carbohydrate solution reduced Fehling’s solu- 
tion, methylene blue, saffranine and alkaline 
picric acid. 


1. A reducing sugar is present 


Molisch carbohydrate reaction Positive. 


Test with Bial’s reagent indicates the pre- 
sence of rhamnose 


Test with phloroglucinol reagent indicates 
the presence of rhamnose 


a. Aniline hydrochloride test 


b. Aniline acetate test after distillation 
(Robinson and Robinson, loc. cit.) 


Pinoff’s test for ketohexoses indicates a 
trace of ketose. 


Selivanoft’s test for ketohexoses is positive 
Diphenylamine test for ketohexoses is 
positive 


Turbidity was noted after 2 minutes and a brown 
precipitate after 5 minutes. 


Solution turned brown on heating and finally a 
brown precipitate was obtained. 


Red streaks were obtained when aniline hydrochlo- 
ride paper was exposed to the fumes. 


Brownish orange-red solution was obtained with 
the distillate. 


A light violet colour developed and stable after 
10 minutes. 


Red colour developed on heating. 
A light blue colour developed in 2 mirtutes. 
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From the above tests it is concluded that the colouring matter of the fruit of 
Eugenia jambolana is an anthocyanin of the wine-red group, probably cyanidin 
rhamno-glucoside. The presence of ketose suggests the complex nature of the 
sugar units in the molecule. This conclusion may be tentatively accepted pending 
quantitative work in progress. 


The author is grateful to Dr. B. S. Srikantan who has suggested the problem 
and provided valuable advice throughout the work; and to the Principal, and the 
Members of the management of the college who have encouraged him in his pursuits, 


DEPARTMENT OF CHEMISTRY, 
Sime Tueacarsya Couuece, . Received February, 9, 1952. 
Mapras 21. 
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STUDIES IN CATALYTIC DEHYDROGENATION. PART IL. 
DEHYDROGENATION OF SPIRO COMPOUNDS 


By SurESH CHANDRA SEN GupTra AND DHIRENDRA NATH CHATTERJEE 


1:2: 3: 4-Tetrahydronaphthalene-2 : 2-spiro-(2’-methyleyclopentane) and its 7-methyl derivative 
have been synthesised and their catalytic dehydrogenation has been studied. It has also been found 
that the dehydrogenation and ring transformation of tetrahydronaphthalene-spiroryrlopentane and 
-spiro-cyclohexane derivatives take place more readily with Pt-C catalyst than with selenium. 


We synthesised 1:2:3: 4-tetrahydronaphthalene-2 : 2-spiro-(2’-methyleyclo- 
pentane) (IV, R=H; R‘’=Me) and its 7-methyl derivative (IV, R=R’=Me) with 
a view to studying the behaviour of the alkyl group in the spiro-cyc/opentane 
ring during catalytic dehydrogenation. It was found that the spiro-hydrocarbon 
(IV, RH; R’=Me) underwent smooth dehydrogenation and ring transformation 
when heated with Pt-C catalyst at 300°-320° giving 1-methylphenanthrene as the sole 
product. Under a similar condition the spiro-hydrocarbon (IV, R=R’= Me) gave 1: 6- 
dimethylphenanthrene. It was thus found that the methyl group present in the 
spiro-cyclopentane ring was not expelled during dehydrogenation which was 
‘accomvanied by ring transformation. 


The two spiro-hydrocarbons were synthesised by an extension of the method 
developed earlier (Sen Gupta, this Journal, 1934, 11 389; 1939, 16, 349; 1940, 17, 
101, 183 ; 1942, 19, 467). The anhydride of 2-methylcyc/opentane-1l-carboxy-1l- 
acetic acid was condensed with benzene in presence of anhydrous aluminium chloride 
giving ««-(2'-methylcyc/opentane)-8-benzoylpropionic (I, ReH; R’=Me). This on 
Clemmensen reduction gave ««-(2'-methylcyc/opentane)-Y-phenylbutyric acid 
(Il, R=H; R’=Me). The latter on cyclisation with 85% sulphuric acid gave 1-keto- 
1: 2:3: 4-tetrahydronaphthalene-2 : 2-spiro-(2’-methylcyclopentane) (III, R=H; 
R’=Me). This spiro-ketone on Clemmensen reduction gave 1: 2:3: 4-tertahydro- 
naphthalene-2 : 2-spiro-(2'-methylcyc/opentane) (IV, ReH ; R’=Me). 
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In a similar manner 7-methyl-1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 2-spiro- 
(2’-methyleyclopentane) was synthesised starting from toluene and anhydride of 
2-methylcyclopentane-l-carboxy-l-acetic acid. The structures of the keto-acids 
(I, ReH; R’=—Me) and (I, R=R’=Me) were assumed on the analogy of the 
structure of similar keto-acids proved in a pevious paper (Sen Gupta, this Journal, 
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1939, 16, 350). The presence of -CH2CO-group has also been proved by the formation 
of pyrylium salts by the reaction of the keto-acids with salicylaldehyde in presence 
of hydrogen chloride (Perkin, Robinson and Turner, /. Chem. Soc., 1908, 93,1085 ; 
Desai and Wali, Proc. Ind. Acad. Sct., 1937, 6A, 135). The position of the methyl 
group in the benzene ring of the keto-acid (I, R=R’=Me) has been proved by its 
oxidatipn with sodium hypobromite to #-toluic acid. 
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It had been observed in a series of papers (Sen Gupta, Joc. cz?.) that spiro- 
hydrocarbons containing a spiro-cyclopentane ora spiro-cy Johexane ring underwent 
dehydrogenation accompanied by ring transformation only at 340 -350° when heated 
with selenium. We have now found that these compounds, when heated with Pt-C 
catalyst, undergo dehydrogenation with ring transformation at a lower temperature 
(300°-320°), and that also more quickly. Moreover, it has been noted that dehydro- 
genation of tetrahydronaphthalene -2 : 2-spirocvc/ohexane and its 7-methyl derivative 
give anthracene and f-methylanthracene respectively, whereas their selenium 
dehydrogenation gives only phenanthrene hydrocarbons (/oc. ci?.). 


EXPERIMENTAL 


2-Methylcyc/opentane-l-carboxy-l-acetic acid was prepared from 2-methylceyc/o- 
pentanone according to the methods of Lapworth and McRae (/. Chem. Soc., 1922, 
121, 2754) and Harding and Haworth (zdzd., 1910, 97, 494). 


Ethyl 2-Mcthylcyclopentylidene-cyanoacetate—A mixture of 2-methylcyc/open- 
tanone (57 g.} ethyl cyanoacetate (68 g.) and piperidine (2c. c.) was kept at room 
temperature for 3 days and heated on a water-bath for 24 hours. The product 
distilled at 130°-132°/5 mm. as a colorless oil, yield 53 g. (Found: C, 681; H, 8.0. 
C;1;H;5;O0eN requires C, 68.4; H, 7.8 per cent). A better yield of the product (70 g. 
from 40 g. of the ketone) was obtained by following Cope’s method (/, Amer. Chem. 
Soc., 1941, 63, 3452). 

2-Methylcyclopentane-1-carboxy-1-acettc Actd.—A solution of potassium cyanide 
(34 g.) in water (77 c. c.) was added to ethyl 2-methylcyc/opentylidene-cyanoacetate 
(50 g.) in rectified spirit (250 <.c.) and left for five days, alcohol distilled off and 
hydrolysed by heating with concentrated hydrochloric acid (400 c. c.) for 24 hours. 
The separated acid was purified by extraction with sodium carbonate solution and 
was crystallised from dilute hydrochloric acid in colorless needles, m. p, 147-48°, yield 
35 g. (Found: C, 58.05; H, 7.5. CoH;40,4 requires C 58.06; H, 7.5 per cent). 
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The anhydride had b. p. 123°-125°/5 mm. (Found: C, 64.2; H, 7.3. CoHi20s 
requires C, 64.3 ; H, 7.1 per cent). 


The amilic acid crystallised from alcohol in thin plates, m. p.157°. (Found : 
C, 68.7 ; H, 7.5. C33;H;90O3N requires C, 69.0 ; H, 7.3 per cent). 


The ani crystallised from methyl alcohol in needles, m. p.110-11°. (Found : 
C, 739; H,72 CysH)7O¢N requires C, 74.07; H, 7.0 per cent). ; 

«4-(2'-Methylcyclopentane)-B-benxovipropionic Acid (I, ReH; R’=Me).— 
Aluminium chloride (45 g.) was added to a solution of the anhydride of 2-methyl- 
cyclopentane-1-carboxy-l-acetic acid (25 g.) in dry benzene (75 c.c.), cooled in ice. 
The mixture was kept at room temperature for 12 hours and warmed at 60°-65° 
for 3 hours. The product was decomposed with ice and hydrochloric acid and excess 
of benzene steam distilled. The solid product was purified by extraction with 
sodium carbonate solution and crystallised from rectified spirit in plates, m. p. 131’, 
yield 24 g. (Found : C, 72.8; H, 7.3. Cy5H sO; requires C, 73.18; H, 7.3 per cent). 


Pyrylium Derivative of the Keto-acid (1, RH; R’=Me).—A mixture of the 
keto-acid (01 g.) in ethyl alcohol (10 c. c.) was saturated with hydrogen at 0° and 
kept in a refrigerator. After 3 days red crystals of the pyrylium salt separated. 
It was dried in vacuum. It was readily soluble in alkali and did not melt up to 290°. 


44-(2'-Methyleyclopentane)-Y-phenylbutyric Acid (II, R=H; R’'=Me).—The 
keto-acid (I, RH; R’=Me) (20 g.), amalgamated zinc (80 g.) and concentrated 
hydrochloric acid (80 c. c.) were boiled for 24 hours. The reduced acid was extracted 
with ether, the ether distilled off, the residue dissolved in warm sodium carbonate 
solution and precipitated with hydrochloric acid. It crystallised from petroleum ether 
(b. p. 60°-80°) in colorless needles, m. p. 105-106", yield 15 g. (Found : C, 77.2; H, 88. 
CisHeoeOe requires C, 77.6; H, 8.7 per cent). 

1-Keto-1:2:3 : 4-tetrahydronaphthalene-2 : 2-spiro-(2'-methylcyclopentane) 
(III, R=H ; R’=Me).—The butyric acid (II, R=H ; R’=Me) (7 g.) was heated with 
85% sulphuric acid (28c.c.) at 100° for 14 hours with stirring. The product was 
poured on ice, extracted with ether, the ether extract washed with ammonia solution, 
dried and distilled. It was obtained as a light violet coloured liquid with characteristic 
odour, b. p. 155°-156°/6mm., yield 5g. (Found: C, 83.9; H, 85. C,;HisO requires 
C, 84.1; H, 8.4 per cent). 

1:2:3: 4-Z7etrahydronaphthalene-2: 2-spiro-(2'-methylcyclopentane)(IV,R=H ; 
R’=Me).—The spiro-ketone (III, RH; R’=Me) (8g.) was boiled with amalgamated 
zinc (32 g.) and concentrated hydrochlotic acid (32 c. c.) for 24 hours. The product 
was obtained as a colorless liquid, b. p. 14)°-1427/7 mm., yield 5 g.(Found: C, 89.6; 
H, 10.02. CisHeo requires C, 90.0; H, 10.0 per cent). 


Dehydrogenation of the Spiro-hydrocarbon (IV, R@=H; R’=Me).—The spiro- 
hydrocarbon (3 g.) was heated with Pt-C catalyst (0.3 g.) in a metal bath at 300°-310° 
for 6 hours and at 310°-320° for 6 hours when no further hydrogen was liberated. The 
product was extracted with ether and distilled over sodium under reduced pressure. 
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The solid distillate was converted into picrate, m. p. 138°. The regenerated hydro- 
carbon crystallised from alcohol in flakes, m. p. 118°, mixed m. p. with a sample of 
l-methylphenanthrene was 118°. (Found : C, 936; H, 63. Calc for C);Hie: 
C, 93.75; H, 62 per cent). Styphnate prepared from the regenerated hydrocarbon 
had m. p. 149-50". 

44~(2'-Methyleyclopentane)-B-(p-toluyl)-propionic Acid (I, R=R’=Me).—It 
was prepared from anhydride of 2-methylcyc/opentane-1-carboxy-1l-acetic acid (23 g.), 
toluene (75 c. c.) and aluminium chloride (42 g.) exactly as in the case of the keto-acid 
(I, RH; R’=Me). It crystallised from dilute alcohol in plates, m, p. 159-60’, 
yield 23 g. (Found : 73.5; H, 7.8. C,;,HeoO3 requires C, 73.8; H, 7.7 percent). The 
keto-acid gave a red crystalline salt which did not melt up to 290°. 

Oxtdation of the Keto-actd (1, R=R'=Me) with Sodium Hypobromite.—The 
keto-acid (0.5 g.) was treated with sodium hypobromite solution (15 c.c. of bromine 
and 150 c.c. of 10 % caustic soda solution) first in the cold and then on boiling 
water-bath for 1 hour. The solution was acidified with sulphurous and sulphurric 
acids. The separated solid was crystallised from dilute alcohol, m. p. and mixed 
with p-toluic acid was 181°. 


«4-(2'-Methylcyclopentane)-B-(p-tolyl) butyric Acid (Il, R=R’=Me).—The 
keto-acid (I, R=R’=Me, 20g.) was reduced by heating withamalgamated zinc (80 g.) 
and concentrated hydrochloric acid (80 cc.) for 24 hours. It was crystallised from 
petroleum ether (b. p. 60°-80°) in needles, m. p. 93-94", yield 15 g. (Found: C, 78.3; 
H, 9.01. CisH2O¢ requires C, 78.0; H, 8.94 per cent). 

1-Keto-7-methyl-1 : 2:3: 4-tetrahydronaphthalene-2 : 2-spiro-(2'-methylcyclo- 
pentane) (III, R= R’=Me).—The butyric acid (II, R= R’=Me) (10 g.) was cyclised 
with 85% sulphuric acid exactly as in the preparation of the ketone (III, RH; R’= 
Me). It was a thick oil with a bluish tinge, b. p. 165°-167'/6 mm., yield 7 g.*(Found : C, 
83.9; H,86. C,gHeoO requires C, 84.2; H, 88 per cent). 

7-Methyl-1:2:3: 4-tetrahydronaphthalene-2 : 2-spiro-(2'-methylcyclopentane) 
(IV, R=R’=Me).—The spiro-ketone (III, R= R’= Me) (7 g.) was reduced by heating 
with amalgamated zinc (28 g.) and concentrated hydrochloric acid (28 c. c.) for 
24 hours. It was a colorless oil, b. p. 160°-162°/10 mm., yield 4 g. (Found: C, 89.5; 
H, 10.4. C,sHeo requires C, 89.7 ; 10.3 per cent). 

Dehydrogenation of the Spiro-hydrocarbon (1V, R=R’=Me).—The spiro- 
hydrocarbon (3 g.) was heated with Pt-C catalyst (0.3 g.) at 300°-310° for 6 hours 
and at 310°-320° for 6 hours. The product (2 g.) was distilled over sodium and 
converted into picrate. The hydrocarbon regenerated from the recrystallised picrate, 
was obtained as colorless plates from methyl alcohol, m. p. 87-88°. Mixed m. p. with 
a sample of 1 : 6-dimethylphenanthrene (Haworth, 7. Chem. Soc., 1934, 457) remained 
unaltered. (Found: C, 93.1; H, 7.0. Calc. for Ci3gHi, : C, 93.19; H, 68 per cent). 
Picrate prepared from the pure hydrocarbon had m. p. 137°. 

Dehydrogenation of 1:2:3: 4-tetrahydronaphthalene-2 : 2-spirocyclopentane 
(IV, R=R’ =H) and tts 7-Methyl Derivative (IV, R= Me ; R’=H) with Pt-C calalysi. 
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—The spiro-hydrocarbon (IV, R=R’=H) (3 g.) (Sen Gupta, this Journal, 1934, 11, 
394) was heated with Pt-C at 300°-310° for 6 hours and at 310°-320° for 6 hours. 
The product (2 g.) after purification through picrate was found to be solely 
phenanthrene, m. p.and mixed m. p. with an authentic sample of phenanthrene was 
99°. Picrate, m. p. 144°. The spiro-hydrocarbon (IV, R=Me; R’=H) (Sen Gupta, 
this Journal, 1939, 16, 353) was similarly dehydrogenated with Pt-C catalyst. The 
product obtained was only 3-methylphenanthrene (m. p. 63°; picrate, m. p. 137°), 
identical with authentic samples of 3-methylphenanthrene and its picrate. No 
anthracene or methylanthracene could be isolated in these two cases. 


Dehydrogenation of 1 : 2: 3: 4-Tetrahydronaphthalene-2 : 2-sptrocyclohexane 
with Pt-C catalys-—The spiro-hydrocarbon (3 g.) (Sen Gupta, this Journal, 1942, 
19, 469), was heated with Pt-C catalyst at 310°-320° for; 6 hours and at 320°-330° for 
12 hours. The product was extracted with ether and dstilled over sodium ; the solid 
distillate crystallised from rectified spirit in shining flakes with blue fluorescence, m. p. 
and mixed m. p. with an authentic sample of anthracene, 213°. 


Dehydrogenation of 7-Methyl-1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 2-spiro- 
cyclohexane with Pt-C catalyst—This spiro-hydrocarbon on dehydrogenation as 
above gave only product as shining flakes with bluish fluorescence, m. p. 198°, probably 
8-methylanthracene. 


The cost of all chemicals needed for this work was met from a research grant 
sanctioned to one of us (D. N. C.) by the Govt. of West Bengal. 


CHEMICAL LABORATORY, 
KrisHyaGaR COLLEGE, Received December 18, 1951. 
Krisunacar, West Benaal. 
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HETEROCYCLIC COMPOUNDS. PART XXI. COUMARINS 
~ FROM ARYLAMIDES OF f-RESORCYLIC ACID 


By V. N. ByaTNnat, R. D. Desar AnD M. S. MaRABALLI 


2 : 4-Dihydroxy-benzamide, -benzanilide, -benz-p-tolylamide, -benz-p-anisylamide, -benz-«- 
naphthylamide and -benz-6-naphthylamide have been condensed with ethyl acetoacetate in presence 
of concentrated sulphuric acid (99%) as well as anhydrous aluminium chloride, resulting in the formation 
of 7-hydroxy- and 5-hydroxy-coumarin derivatives respectively. 


Desai and co-workers (Proc. Ind. Acad. Sct., 1937, 6A, 185 ; 1938, 8A, 567) have 
studied the effect of substituents in the resorcinol molecule on the course 
of Pechmann condensation of f-ketonic esters. Resacetophenone, however, did 
not undergo this condensation with B-ketonic esters, but in presence of phosphorus 
oxychloride, it was observed by Desai and co-workers (Joc. czt.) that it underwent 
this condensation with the formation of 7-hydroxy-6-acetyl-4-methylcoumarin. 
Shah and co-workers (/. Chem. Soc., 1938, 228, 1066) observed that aluminium 
chloride acted as an efficient condensing agent for the condensation of B-ketonic 
esters with phenols, the condensation being effected in ether solution in which 
aluminium chloride readily dissolved or in nitrobenzene solution. In the light of their 
observations on the remarkable results obtained with f-resorcylic acid and methyl 
B-resorcylate, we thought of condensing the arylamides of §-resorcylic acid with 
ethyl acetodcetate in the presence of various condensing agents, like concentrated 
or 73% sulphuric acid and anhydrous aluminium chloride. It is well known that in 
presence of sulphuric acid, phosphorus oxychloride and zinc chloride, the 
condensation takes place with the formation of 7-hydroxycoumarin derivatives, 
while in the presence of anhydrous aluminium chloride, the main product obtained 
is the 5-hydroxycoumarin derivatives. 


Ethyl acetoacetate was condensed with (1) 2: 4-dihydroxybenzamide, (2) 2: 4- 
dihydroxybenzanilide, (3) 2: 4-dihydroxybenz-g-tolylamide, (4) 2: 4-dihydroxybenz- 
p-anisylamide, (5) 2:4-dihydroxyb2nz-«-naphthylamide, and (6) 2 : 4-dihydroxy-benz-B- 
naphthylamide in presence of concentrated (99%) sulphuric acid as well as anhydrous 
aluminium chloride, and derivatives of 7-hydroxy- and 5-hydroxy-coumarins were 
obtained. Amides were prepared as described in a subsequent part to be published 
later. The condensation did not proceed in presence of sulphuric acid of low con- 
centration. As these compounds were unaffected by boiling with 10% sodium hydr- 
oxide solution, they were coumarins and not the isomeric chromones. 2 : 4-Dihydroxy- 
benz-8-naphthylamide condensed with ethyl acetoacetate only in the presence of 
anhydrous aluminium chloride with the formation of 5-hydroxycoumarin derivative. 
The structures of 7-hydroxy- and 5-hydroxy-coumarin derivatives are based on the 
well known distinctive difference between the 7-hydroxy- and 5-hydroxy-coumarin 
derivatives. The 7-hydroxy and the 5-hydroxy derivatives are all solube in alcohol, 
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acetic acid, acetone and insoluble in benzene. The former give blue fluorescence 
in alkaline solution, whereas the latter dissolve in alkali with a yellow colour 
without any fluorescence. 


EXPERIMENTAL . 


Condensation in the presence of concentrated Sulphuric Acid (99%) and 
Preparation of 7-Hydroxy-4-methylcoumarin Derivatives: Preparation of the 
Amide of 4-Methyl-7-hydroxycoumarin-6-carboxylic Actd.—2 : 4-Dihydroxybenz 
amide (1 mol., 5 g.) and ethyl acetoacetate (1 mol, 5 cc.) were mixed 
intimately in a 50 c. c. conical flask, to which was added gradually concentrated 
sulphuric acid (20 c.c.), followed by continuous shaking and cooling tilla homogeneous 
solution was obtained. The solution which became deep red in colour was kept 
overnight. The coumarin which separated out on pouring over ice-cold water, 
was filtered and washed with water. It was crystallised from alcohol in colorless 
fluffy needles, m. p. 304-305°, yield 10%. Its alcoholic solution gave: a violet 
coloration with ferric chloride solution, while its solution in concentrated sulphuric 
acid was colorless and did not give flourescence on dilution. (Found: N, 6.7. 
C,,H,O4N requires N, 6.4 per cent). 

The amnilide of 4-methyl-7-hydroxycoumarin-6-carboxylic acid was prepared 
from 2: 4-dihydroxybenzanilide (1 g.), ethyl acetoacetate (1. c. c,) and concentrated 
sulphuric acid (10. c.c.) in the usual manner. The product was crystallised 
from alcohol in brown micro-needles, m. p. 256-57°, yield 50%. It alcoholic solution 
gave a violet coloration with ferric chloride solution. It dissolved in concentrated 
sulphuric acid with a yellow colour and on dilution gave blue fluorescence. 
(Found : N, 5.0. C17H1304N requires N, 47 per cent). 

The p-tolylamtde of 4-methyl-7-hydroxycoumarin-6-carboxylic actd was 
prepared from 2: 4-dihydroxy-benz-g-tolylamide (1 g.), ethyl acetoacetate (1c. c.) 
and concentrated sulphuric acid (7. c.c.) in the usual manner, after keeping the 
reaction mixture for 36 hours. It was crystallised from alcohol in colorless fluffy 
needles, m. p. 293-94, yield 31%. It dissolved in concentrated sulphuric acid with 
a yellow colour and on dilution gave blue fluorescence. (Found : 4.8. C;3H;,04N 
‘requires N, 4.5 per cent). 

The p-antsylamide of coumarin-6-carboxylic acid was prepared from 2: 4- 
dihydroxybenz-f-anisylamide (2 g.), ethyl acetoacetate (lic.c.) and concentrated 
sulphuric acid (7.c.c.) in the usual manner after keeping the .reaction mixture 
for 3 days. It was crystallised from alcohol in fluffy, colorless needles, 
m. p. 239-40°, yield 27%. Its alcoholic solution gave a violet coloration with ferric 
chloride. It dissolved in sulphuric acid with a yellow colour which gave blue 
fluorescence on dilution. (Found : N, 4.4. Ci,H,5;0;N requires N, 4.3 per cent). 

The «-naphihylamide of coumartin-6-carboxylic actd was prepared from 


2: 4-dihydroxybenz-<-naphthylamide (1 g.), ethyl acetoacetate (l..c.c.); +and 
concentrated sulphuric acid (3 c.c.) and worked up as before. It was crystallised 
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from alcohol in colorless needles, m. p. 252-53° yield 2%. Its alcoholic solution 
gave a violet coloration with ferric chloride. It dissolved in concentrated sulphuric 
acid with a yellow colour which gave blue fluorescence on dilution. (Found : N, 4.1. 
Ci2H;50,4N requires N, 4.1 per cent). ° 


Condensation in the presence of Anhydrous Aluminium Chloride. and 
Preparation of 5-Hydroxy-4-methylcoumarin Derivatives: Preparation of 
the Amide of 4-Methyl-5-hydroxycoumarin-6-carboxylic Actd—2 : 4-Dihydroxy- 
benzamide (1 mol., 2 g.) and anhydrous aluminium chloride (2 mols., 3.5 g) 
were dissolved in dry nitrobenzene (30 c.c.) in ar.b. flask. Ethyl acetoacetate 
(1 mol., 1.7 g.) was gradually added with cooling and left overnight. The reaction 
mixture was heated in an oil-bath at 110°120° for 6 hours, cooled and decomposed by 
ice-cold hydrochloric acid; nitrobenzene was then  steam-distilled. The brown 
product was crystallised from alcohol as white flakes, m- p. 262°, yield 52% Its 
alcoholic solution gave a violet coloration with ferric chloride. (Found: N, 6.1. 
Ci1,;H,O,4N requires N, 6.4 per cent). 


The anthde of 4-methyl-5-hydroxycoumarin-6-carboxylic actd was prepared 
from 2: 4-dihydroxybenzanilide (2 g.), anhydrous aluminium chloride (23 g.), dry 
nitrobenzene (30 c.c.) and ethyl acetoacetate (1.2c.c.) in the usual manner. It was 
crystallised from alcohol as grey, fluffy mass, m. p. 220°, yield 31%. Its alcoholic 
solution gave a violet coloration with ferric chloride. (Found: N, 4.5. C;7H;304N 
requires N, 47 per cent). 


The p-/olylamide of 4-methyl-5-hydroxycoumarin-6-carboxylic a'td was prepared 
from 2: 4dihydroxybenzanilide (2 g.), anhydrous aluminium chloride (2.1 .), 
dry nitrobenzene (30 c.c.) and ethyl acetoacetate (1.1 cc.) in the usual manner. 
It was crystallised from alcohol as grey, fluffy mass, m. p. 249°. yield 32%.- Its 
alcoholic solution gave a violet coloration with ferric chloride. (Found: N, 4.4. 
C,3H;5;0,4N requires N, 4.5 per cent). 


p-Antsylamide of 4-methyl-5-hydroxycoumarin-6-carboxylic actd was prepared 
from 2 : 4-dihydroxybenz-f-anisylamide (2 g.), anhydrous aluminium chloride (2 g.), 
dry nitrobenzene (30 c.c.) and ethyl acetoacetate (1 c.c.) in the usual manner. It 
was crystallised from alcohol as pale brown, fluffy mass, m. p. 255-56", yield 30%. 
Its alcoholic solution gave a violet coloration with ferric chloride solution. (Found : 
N, 4.2. CigH,5;0;N requires N, 4.3 per cent). 


«-Naphthylamide of 4-methyl-5-hydroxycoumarin-6-carboxylic acid was pre- 
pared from 2 : 4-dihydroxybenz-«-naphthylamide (2 g.), anhydrous aluminium 
chloride (2 g.), dry nitrobenzene (30 c.c.) and ethyl acetoacetate (1 c.c.) as usual. 
It was crystallised from alcohol as pale pink needles, m. p, 235°, yield 25%. Its 
alcoholic solution gave a violet coloration with ferric chloride. (Found: N, 3.9. 
Ce1H;50,N requires N, 4.0 per cent). 

B-Naphthylamide of-4-methyl-5-hydroxycoumarin-6-carboxylic actd was pre- 
pared from 2 : 4dihydroxybenz-f-naphthylamide (3 g.), anhydrous aluminium 

9 
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chloride (3 g.), dry nitrobenzene (50 c.c.) and ethyl acetoacetate (18 c.c.) as usual. 


It was crystallised from acetic acid as colorless needles, m. p. 238-39° yield 59%. 


Its alcoholic solution gave a violet coloration with ferric chloride. 


(Found-: 40. C,,;H1;04N requires N, 4.0 per cent). 


One of us (M. S. Maraballi) is thankful to the Council of Scientific and 
Industrial Research for a fellowship which enabled him to carry out this investigation. 
They are also thankful to Mr. T.S. Gore for carrying out the micro-analysis of 
the compounds. 


DepaRTMENT OF CHEMICAL TECHNOLOGY, 

Usiversiry or BomBay, AND 

DEPARTMENT OF CHEMISTRY, Received November 1, 1951. 
L. D, Arrs CoLt.ece & M. R. Science Institute, 

AHMEDABAD. 
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HETEROCYCLIC COMPOUNDS. PART XXII. THE ACTION OF 
BROMINE ON SOME NAPHTHACHROMONES 


By R. D. Desai anv H. P. SHROFF 


The action of bromine on chromones gives perdibromides from which the original chromones can be 
obtained by the action of sulphurous acid. Heating the perdibromides in glacial acetic acid solution 
gives the bromopyrones. This reaction has been studied with 2’ : 3’-dimethyl-1: 4-naphtho-7y-pyrone 
and its 4-bromo and 4-nitro derivatives as well as 2’-methyl-3’-ethy!-1 : 4-naphtho-y-pyrone. 


The distinction between chromones and coumarins is not always an easy one to 
make, as exceptions have been met with in the case of methods proposed from time 
to time. Thus, one cannot draw the conclusions regarding the structure in the case 
of reactions: where either one or both of them are supposed to be formed. An 
excellent summary of these methods has been given by Sethna and Shah (Chem. Rev., 
1945, 36, 1) where the whole relevant literature has been reviewed. 


Desai (Rasayanam, 1938, 1, 155) reported the diagnostic test for coumarins and 
chromones based upon the action of bromine in glacial acetic acid or chloroform at 
low temperatures. Whereas coumarins give invariably 3-bromo derivatives, soluble 
in the respective solvents, chromones give perdibromides which are insoluble in 
these media and which regenerate the original chromones by the action of 
sulphurous acid. However, chromones undergo substitution if there is the hydroxy 
group. It has been thought necessary to place on record our results obtained so far 
in this line. 


Simonis and Petscheck (Ser. 1913, 46, 2014) and Simonis and Hirovici (Ber., 
1917, 50. 646), who studied the bromination of 2-methylchromone, supposed that 
the primary product was formed by the addition of bromine at the ethylenic double 
bond of the pyrone ring. Arndt and his co-workers (er., 1923, 56, 1269; 1925, 58, 
1612) as well as Krollpfeiffer and his collaborators ( Ber., 1925, 58, 1654), who studied 
the bromination of thiochromanones, have adopted the views of Simonis. As the 
bromine attached to the ethylenic double bond cannot be easily removed by 
sulphurous acid, the views of Simonis are not correct, and we are of opinion that 
the primary product is the perdibromide formed by the attachment of bromine to the 
oxygen of the pyrone ring. Our view is supported by the observations of Hunter, 
Desai and others (this Journal, 1934, 11, 863) that many heterocyclic compounds 
like pyridine, quinoline, thiazole and benzthiazole form perbromides from which 
bromine can be easily removed by sulphurous acid. 


2 : 3'-Dimethyl-1 : 4-naphtho-Y-pyrone gave the perdibromide which regenerated 
the original chromone on treatment with sulphurous acid. A small quantity of the 
dibromopyrone (m. p. 174°) was also formed. The perbromide was stable up to 100°, 
but on heating its solution in glacial acetic acid it evolved bromine and hydrogen 
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bromide with the formation of bromo-substitution derivatives. A monobromo- 
chromone (m. p. 183°), and a tribromo chromone (m. p. 206°) were easily isolated. 
That the monobromo derivative is not identical with 4-bromo-2’ : 3’-dimethyl-1 : 4- 
naphtho-Y-pyrone has been proved by comparison with an authentic specimen 
prepared by Desai, Hamid and Shroff (Proc. Ind. Acad. Sct., 1941, 13A, 33) 
by the Kostanecki acetylation of 4-bromo-2-propionyl-l-naphthol. Similarly 
2’-methyl-3’-ethyl-1 : 4-naphtho-Y-pyrone gave the perdibromide together with 
small quantities of 4-bromo-2’-methyl- 3’-ethyl-1 : 4-naphtho-¥;pyrone, and a 
dibromopyrone, m. p. 104°. The constitution of 4-bromo-2’-methyl-3’-ethyl-1 : 4- 
naphtho-Y-pyrone was proved by preparing the authentic specimen in accordance with 
the method of Ashraf Ali, Desai and Shroff (sbzd., 1941, 13A, 184). The perdibromide 
on heating in glacial acetic acid solution gave a monobromopyrone, m. p. 181°, which 
was not the 4-bromo derivative in spite of the identical m. p. A bromopyrone (m. p. 
222°) was also formed in minute quantities. The constitutions of these compounds 
will be investigated in future. 


4-Bromo- and 4-nitro derivatives of 2’ : 3’-dimethyl-1 : 4-naphtho-?-pyrone gave 
also the perdibromides, which gave rise to the original chromones on treatment 
with sulphurous acid. We wish to resume the detailed study of the action of 
bromine on chromones, flavones and flavonols along these lines in the near future. 


ExPEKERIMENTAL 


2’ : ¥-Dimethyl-1 : 4-naphtho-Y-pyrone, prepared by the method of Desai, 
Hamid and Shroff (Joc. ctt.), crystallised from alcohol in white needles, m. p. 143°. 


Bromination of the Pyrone : Formation of the Perdtbromide.—To a solution of the 
pyrone (5g.) in dry chloroform (25 c. c.), cooled to 0°, was slowly added the 
solution of bromine (1.2 c.c.) in the same solvent (10 c.c.). During addition, small 
yellow needles began to separate out, and there was no evolution of hydrogen 
bromide. The reaction mixture was allowed to attain the ordinary temperature, 
and after keeping it for 4 hours, the solid was filtered off. The lustrous, deep yellow 
needles melted at 187°. It is stable at ordinary temperature, and can be kept fora 
long time if protected from moisture, yield 75%. (Found: Br, 41.9. C;;H;2O2Bro 
requires Br, 41.7 per cent). 


The chloroform filtrate left a solid on evaporation. This was recrystallised five 
times from alcohol when pale yellow plates, m. p. 174°, were obtained. (The m. p. 
was depressed to 150-55° by the perdibromide). As the amount was too small, we 
could not investigate it further. (Found: Br, 37.3. C;;H,9O2Bre, 3HeO requires 
Br, 36.7 per cent). 

Action of Sulphurous Actd on Perdtbromide: Formation of the original 
Pyrone.—The perdibromide (0.5 g.) was suspended in an aqueous solution containing 
sulphur dioxide and stirred for some time. The yellow colour gradually disappeared 
with the separation of a white solid. This on crystallisation melted at 143° and was 
identified as 2’ : 3’-dimethyl-1 : 4-naphtho-Y-pyrone by comparison with an authentic 
specimen. 
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Heating of Perdtbromide in Acettc Actd solutton: Formation of Monobromo- 
and Tribromo-pyrones.—The above perdibromide (5 g.) was suspended in glacial 
acetic acid (35c.c.) and heated under reflux for 8 hours. The perdibromide 
gradually went into solution after 3 hours, and fumes of bromine as well as hydrogen 
bromide were disengaged. The cooled solution was poured into a large quantity 
of water (5°0 c.c.), and the solid collected. The solid (m. p. 120-138°) was re- 
crystallised five times from alcohol when a fraction melting at 181-83" was obtained. 
This crystallised from benzene-hexane mixture in lustrous, white needles, m. p. 183", 
depressed to 147-152° by the dibromopyrone, m. p. 174°, described above. It may 
be perhaps 8-bromo-2’ : 3’-dimethyl-1 : 4-naphtho-?-pyrone, but we have no 
proof so far for assigning this position. (Found : Br, 26.0. C,,H,;,;OeBr requires Br, 
26.4 per cent). The alcoholic mother-liquor was concentrated to a small bulk 
when a’ solid, m. p. 118-25°, raised to 205-206° by seven recrystallisations 
from alcohol, was obtained as white needles. (Found : Br, 45.7. C,;H,O2Brs. 3H2O 
requires Br, 46.6 per cent). The alcoholic mother-liquor gave finally the original 
chromone. 


Brominatwn of 4-bromo-2' : 3-dimethyl-1 : 4-naphtho-Y-pyrone : Formation of 
the Perdibromide——The bromination was carried out as usual. The perdibromide 
needles were yellow in colour and melted at 195°, yield 80%. It was stable at ordinary 
temperature in the absence of moisture and the original pyrone (m. p. 225°) was 
obtained by treating it with sulphurous acid. (Found: Br, 51.6. C,5;H;;O2Brs 
requires Br, 51.8 per cent). 


4 


Brmination of 4-Nttro-2 : 3-dimethyl-1 : 4-naphtho-y-pyrone : Formation of 
the Perdibromide.—The 4-nitrochromone, prepared according to the method of 
Desai, Hamid and Shroff (Joc. cz.) melted at 226°. The perdtbromide, prepared in 
the usual manner, was obtained as yellowish brown plates, m. p. 190°, yield 80%, 
It was stable at ordinary temperature in the absence of moisture and was converted 
into the original nitropyrone, m. p, 226°, by treatment with sulphurous acid: (Found : 
Br, 37.4. C}5;H;,;04NBrg requires Br, 37.3 per cent). 


Bromination of 2-methyl-3'-ethyl-1 : 4-naphtho-Y-pyrone : Formation of 
Perdtbromide.—The requisite pyrone was prepared by the Kostanecki acetylation of 
2-butyryl-l-naphthol by the method of Ashraf Ali, Desai and Shroff (Joc. cz#.). It 
crystallised from alcohol in white needles, m. p. 131°. 


The ferdtbromide, prepared as usual, was obtained as bright yellow needles, 
m. p. 165°, yield 75%. It was stable at ordinary temperature in the absencegpf 
moisture. (Found: Br, 39.9. C,gH)4OeBre requires Br, 40.2 per cent). The 
chloroform filtrate gave a small quantity of a solid which was recrystallised from 
alcohol in white needles, m. p. 181°, undepressed by the authentic specimen of 
6-bromo-2-methyl-3-ethyl-1 : 4-<-naphthopyrone which was prepared by the method 
of Ashraf Ali, Desai and Shroft (doc czt.), (Found: Br, 24.9. C,¢H,3O2Br requires 
Br, 25.2 per cent). 
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The alcoholic mother-liquor was concentrated to a small bulk and the needles, 
m. p. 104°, were obtained. This was a dibromo derivative. (Found : Br, 362. 
CigH,2O2Bre, 3H2O requires Br, 35.6 per cent). The action of sulphurous acid 
converted the perdibromide into the original pyrone, identified by the m. p. and 
mixed m. p. 


Fleating of the Perdibromide in Acetic Actd Solution : Formation of a 
Monobromopyrone-—The suspension of the perdibromide (5 g.) in glacial acetic 
acid (5 c. c.) was heated under reflux on a sand-bath for 8 hours. A clear solution was 
obtained after an hour, and some bromine and much hydrogen bromide were evolved. 
The solution was diluted with water (500 c.c.) and the solid was collected. Most of 
the solid was dissolved by hot alcohol leaving a small quantity of a product, mp. 
221-22°. It contained bromine, but being too small could not be further examined 
The alcoholic solution deposited white needles melting at 179-80° after three 
recrystallisations. The mixed m. p. with an authentic specimen of 4-bromo-2- 
methyl-3’-ethyl-1 : 4-naphtho-?-pyrone (m. p. 181°) was 144-48°. (Found: Br, 248. 
Ci¢H;sO¢Br requires Br, 25.2 per cent). The mother-liquor gave the final crop of 
the original 2’-methyl-3’-ethyl-1 : 4-naphtho-¥-pyrone. 


DeparRTMENT OF CHEMICAL TECHNOLOGY, 

UnIversiTy OF BomBay aND 

CuemistRy DEPARTMENT, Received November 2, 1951. 
L. D. Arts COLLEGE & 

M. R. Scrence Instirure, AHMEDABAD. 
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CHEMICAL EXAMINATION OF THE SEEDS OF ABUTILON 
INDICUM, G. DON 


By InDER Raj GAMBHIR AND SHIAM SUNDER JOSHI 


The seeds of Abutilon indicum have been found to contain (i) 161% of the non-reducing 
crystalline sugar, raffinose, which can be easily obtained in pure condition after recrystallisation from 
the alcoholic extract, and (ii) 9.21% of a pale yellow, semi-drying fixed oil which consists of the glycerides 
of linolenic acid (6.80%), linolic acid (26.67%), oleic acid (41.3%), palmitic acid (5.08%), stearic acid 
(11.17%) and unsaponifiable matter (2.32%). 


Abutilon indicum, G. Don (N. O. Malvaceae), which is called “Kanghi” in Hindi, 
“Peelee-booti” in Punjabi, is a common weed found throughout tropical India, Ceylon 
and other warmer climates. The plant, as described by Nandkarni (“Indian Materia 
Medica”, p.6) and by Kirtikar and Basu (“Indian Medicinal Plants”, Vol. I, p. 174), 
has been long in use in India for medicinal purposes. The seeds are said to be 
distinctly useful in gonorrhea, gleet and chronic cystitis. Jolson (JMaslobotno- 
Zhirovoe Delo, 1929, 8, 22) has examined the seeds of the cultivated variety of 
abutilon. He obtained an oil from them and determined its various constants. 
He, however, could not isolate raffinose hydrate which is so prominent in Aduftlon 
indicum, G. Don, studied by us. 


Repeated extraction of the seeds of the weed with petroleum ether (b. p. 
60°-80°) gave a pale yellow, semi-drying fixed oil. The defatted seeds on refluxing 
with alcohol gave a colorless crystalline compound (m. p. 76°) which on further 
recrystallisations yielded rectangular plates, m. p. 79-80. The product is easily 
soluble in water, less soluble in ethyl and methyl alcohols and insoluble in benzene, 
chloroform, ether, etc. The formation of hendeca-acetate on acetylation, mucic 
acid on oxidation, and of glucose, fructose and galactose on hydrolysis, all indicate 
it to be a trisaccharide, and it has been identified as raffinose. 


EXPERIMENTAL 


Dry and crushed seeds were exhaustively extracted with petroleum ether 
(b. p. 60°-80°). From the extract a clear, pale yellow fixed oil was obtained (9.21%). 
Table I records the constants of the oil. 


TABLE I 
Solidification point —10° Acetyl value 4.2 
Ref. index at 18° 1.4758 R. M. value 0.54 
Sp. gr. at 18° 0.9237 Hehner value 91:3 
Acid value 7.6 Iodine value 100.3 
Sapon. value 193.2 Unsaponifiable 


Sapon. equiv. 290.3 matter 2.32 % 
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The oil (200 g.) was saponified in the usual manner with alcoholic potassium 
hydroxide and the unsaponifiable matter extracted with ether. The acids were 
liberated from their potassium salts and purified (about 180 g.). Table II gives the 
constants of the mixed acids. 


TABLE I 
Consistency Semi-solid Neutralisation value 200.1 
Ref. index at 34° 1.4629 Mean M. W. 280.3 
Sp. gr. at 40° 0.8876 Iodine value 108.9 


The mixture of the acids was then separated into saturated and unsaturated 
acids by Twitchell’s lead salt alcohol method (/nd. Eng. Chem., 1921, 13, 806). 


TABLE III 
Acids. % in mixed acid. % in oil. I.V. Mean M. W. 
Saturated 17.8 16.25 0.64 271.8 
Unsaturated 82.0 74.86 135.1 280.8 


The unsaturated acids were then quantitatively estimated by preparing their 
bromine addition products (Jamieson and Boughmann, /. Amer. Chem. Soc., 1920, 42, 
1198). The percentage of different acids in their mixture is as oleic acid, 55.18; 
linolic acid, 35.63 ; linolenic acid, 9.09. 


To identify the saturated acids present, their mixture was converted into 
methyl esters, 18 g. of which were fractionally distilled under reduced pressure. 
The various fractions were separately hydrolysed with alcoholic caustic potash and 
from the potassium salts formed free acids were liberated with dilute hydrochloric 
acid. The mixture of the solid acids obtained from each fraction was thoroughly 
washed with water, dried, and the melting point of the mixed acids determined 
(Table [V). On repeated crystallisations from alcohol only palmitic and stearic acids 
could be isolated from each fraction. 


TABLE IV 
Fraction B. p./11 mm. Wt. Mean Esters M. p. of libera- 
No. (corr.). M. W. Pal mitic. Stearic. ted acid. 
1 175°-180° 3.2520 g. 278.8 2.2683 g. 0.9837 g. 63-64° 
2 180°-184° 3.0690 287.2 1.2230 1.8460 64° 
3 184°-187° 4.2046 291.1 1.0924 3.1122 64-65° 
4 187°-190° 5.6092 294.2 0.8386 4.7706 66-67° 
5 Residue 1.8652 295.1 0.2190 1.6462 67-68° 
Ester in a mixture of saturated acid esters 31.34 % 68.66 % 
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TABLE V 
Acid. % in saturated % in unsaturated % in total % in oil. 
acids. acids, acids. 
Palmitic 31.28 5.57 5.08 
Stearic 68.72 12.23 11.17 
Oleic 55.18 45.24 41.30 
Linolic 35.63 29.21 26.67 
Linolenic 9.09 7.45 6.80 


Unsapontfiable Matter—The ether extract of the unsaponifiable matter was 
recrystallised from alcohol after treatment with animal charcoal. A wax-like solid, 
m.p. 56-57°, separated in very small quantities on cooling; this was insoluble in 
concentrated sulphuric acid and might be a saturated hydrocarbon. The filtrate on 
keeping deposited colorless silky needles, m.p. 134-135° (acetyl derivative, m.p. 
125°). It might be a sitosterol. 


Alcoholic Extract—The defatted seeds were next repeatedly refluxed with 95% 
alcohol. The extracts were concentrated and allowed to stand when beautiful, 
colorless crystals were deposited. After washing with cold alcohol they melted at 
76°. The mother-liquor and washings were collected and concentrated under reduced 
pressure when a further crop of crystals was obtained. No solid product could be 
isolated from the syrupy filtrate even on prolonged cooling. The filtrate, however, 
reduced Tollen’s reagent and Fehling’s solution, showing the presence of reducing 
sugars in it. 

The crystalline mass was treated with hot methyl alcohol, ethyl alcohol and 
a mixture of both. In all of these solvents it partly dissolved and a part of it became 
gummy and stuck to the bottom of the flask. The alcohol-soluble portion on pre- 
cipitation with ether gave a product, m.p. 78-79", which was exactly similar to the 
product obtained on allowing the alcohol-soluble portion to crystallise slowly. The 
gummy portion was dissolved in least amount of warm water and then treated with 
an excess of alcohol. After sometime rectangular plates, m.p. 78-79", separated 
out. The crystals obtained by both the methods were found to be identical. Further 
purification from dilute methyl alcohol gave colorless, fine rectangular plates, m.p. 
79-80°. Even after repeated crystallisations no rise of melting point was observed 
and its mixed melting point with an authentic sample of raffinose pentahydrate 
showed no depression. 


Hydrated crystals —[«]}°, +104°242.0(c, 1.005 in water). (Found: C, 36.11; 
H, 6.99. Calc. for CisHseOi¢, 5H2O : C, 36.36 ; H, 7.07 per cent). 


[Found (on dehydration over P2,O; at 90°/29.5 mm.): Loss of H,0, 14.94%, 
CisHs2O1¢. 5HeO requires loss of H,O, 15.15%] 


Dehydrated sample —[«]2°, +124°.342.5(c, 1.00 in water) (Found: C, 42.48 ; 
H, 6.37. Cale: for C},Hs9Oi¢6: C, 42.85; H, 6.35 per cent). 


10 
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Acetyl Derivative.—The acetyl derivative of the crystalline product after puri- 
fication gave rectangular plates which melted at 99° alone and also when admixed 
with an authentic sample of raffinose hendeca-acetate. It showed [«]}*®°, +9)°.3 +2.6 
(c, 1.46 in ethyl alcohol). [ Found: Mean M.W. (cryoscopically in benzene), 
958; acetyl, 46.64. C,,.H;.,0;,(COCHs)i11 requires M. W., 966; acetyl, 48.96 
per cent]. 


Oxtdation with Nitric Acid—On oxidation by heating with nitric acid (1:1), 
the crystalline product (0.5 g.) gave a sandy precipitate (0.16 g.) which on purification 
from boiling water melted at 215°, while its acetyl derivative melted at 262°. It was 
identified as mucic acid. Both the compounds showed no lowering of melting 
point when mixed with their authentic samples. 


Hydrolysts with Dilute Hydrochloric Actd—The crystalline product was hydro- 
lysed with dilute hydrochloric acid. The product reduced Tollen’s reagent and 
Fehling’s solution showing the formation of reducing sugars on hydrolysis. It also 
gave Selevanoff’s test indicating the formation of keto-sugars along with others. The 
presence of glucose and/or fructose and galactose was established by preparing 
osazones and osotriazoles from them (Hann and Hudson, /. Amer. Chem. Soc., 1944, 


66, 735 ; 1945, 67, 939). 

The authors are indebted to Prof. J. K.N. Jones of the University of Bristol 
for confirming chromatographically the presence of glucose, fructose and galactose in 
the product of hydrolysis of the crystalline mass. 


CuemicaL LABORATORY, 
Meerut Co.iece, Meerut, U. P. Received July 14, 1951. 
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CYANOETHYLATION OF SOME ALKYL SUBSTITUTED ACETOACETIC 
ESTERS 


By G. S. Misra anp J. S. SHUKLA 


The action of acrylonitrile on a monosubstituted ethyl acetoacetate results in the formation of an 
ethyl «-alkyl-q-(2-cyan ethyl) acetoacetate. The acid hydrolysis of the cyanoethylation product then 
affords an «-substituted glutaric acid. 


Monoalkylated malonic and cyanoacetic esters, when reacted with acrylonitrile 
in the presence of alkaline catalysts, yield mono-cyanoethylation products (Bruson 
and Riener, 7. Amer. Chem. Soc., 1943, 65, 23; Lochte, Thomas and Truitt, zdzd., 
1944, 66, 551 ; Bruson, “Organic Reactions”, Vol. V, p. 105 et seq.). It was of interest, 
therefore, to study the cyanoethylation of the monosubstituted derivatives of 
ethyl acetoacetate, where the remaining hydrogen atom attached to the «-carbon 
atom was similarly activated and would be capable of adding on one molecule of 
acrylonitrile under appropriate conditions. Accordingly, a number of mono- 
substituted ethyl acetoacetates have been reacted with acrylonitrile for the first 
time, using /er/-butyl alcohol as the solvent and 30% methanolic potassium hydroxide 
as the condensing reagent, and the cyanoethylation products have been obtained 


in yields of 51-88%. * 


aa COMe 
 \asbdeanae -CH.CN —- R.C.CHe.CH2.CN 
COOEt COOEt 
(D (II) 


The reaction between acrylonitrile and monoalkylated malonic and cyanoacetic 
esters has been utilised by Ansell and Hey (/. Chem. Soc., 1950, 1683) to furnish 
a general route for the synthesis of «-substituted glutaric acids. In this method 
the resulting cyanodicarboxylic or dicyanocarboxylic ester is hydrolysed and 
subsequently decarboxylated to furnish <-substituted glutaric acid, thus : 


COOEt your 
at i + CH,=CH.CN—> was ics ane —)> ne 
Xx X COOH 


(X=CN or COOEt) 


Using this method Ansell and Hey (Joc. ctt.) have synthesised fourteen such acids, 


many of them for the first time. 
Similar results have now been obtained by subjecting the product (II), 


obtained by the action of acrylonitrile on the monoalkylated ethyl acetoacetate, 
to actd hydrolysts. 
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For actd hydrolysis, the cyanoethylation product (II) was heated with a concentrated 
solution of ethanolic potassium hydroxide. Subsequent acidification, extraction with 
ether and evaporation of the ethereal extract did not afford any <-substituted 
glutaric acid (III) as expected. When, however, the residual oil was subjected 
to further hydrolysis with a mixture of equal parts of glacial acetic acid, 
concentrated sulphuric acid and water, it was found that the ethereal extract on 
evaporation gave the expected «-substituted glutaric acid (III). 


; eee 
R.C.CH».CH»o.CN —_ wr RPE MES 
COOEt COOH 
(II) (IIT) 


ExPERIMENTAL 


Preparation of Ethyl «-Alkyl-«-(2-cyanoethyl) acetoacetates: Ethyl «-n-Butyl-«- 
(2-cyanoethyl)acetoacetate—Acrylonitrile (5.3 g.) was added to a stirred solution 
of ethyl -butylacetoacetate (9.3 g.) and 30% methanolic potassium hydroxide (0.5 g.) 
in fert.-butyl alcohol (17.5 c.c.). The reaction mixture was kept at 30°-35° during 
the addition, and then stirred for a further period of 5 hours. The solution was 
neutralised with dilute hydrochloric acid, diluted with water and extracted with 
ether, and finally dried. Evaporation of the ethereal extract left an oil, which was 
fractionally distilled under reduced pressure. Ethyl «-#-butyl-<-(2-cyanoethyl)- 
acetoacetate was collected at 168°-169°/4 mm., yield 9g. (75%). (Found: N, 581. 
C;;H2,;Os3N requires N, 5.85 per cent). 


TABLE I 

Substituted aceto- 
[CH,COCH (R) ee a) B. p. Yield. Formula. % Nitrogen 

COOEt). : Found. Calc. 
R= R= 
Methyl Methyl 136°/4-5 mm. 51%  Cy.H,,O3N 7.30 7.10 
Ethyl Ethyl 142°/4 62 C,,H,;O3N 6.64 6.63 
n-Propyl n-Propyl 192°/6 88 C,eH,;,03N 6.17 6.22 
isoPropyl isoPropyl 183°-185°/4 . 43 C.2H,;,0,N 6.00 6.22 
n-Butyl n-Butyl 168°-169°/4 75 C,sH,,03N 5.81 5.85 
n-Amyl n-Amyl . 1827/4 71 C,4H,303N 5.96 5.53 
isoAmyl isoAmyl 187°-189°/4-6 72 C,,H,,0;N 5.90 5.53 
n-Hexyl n-Hexyl 168°/4 84 C,sH,,035N 5.43 5.24 
Allyl Allyl 180°-181°/20 76. CysH,,O,N 5.90 6.27 


Benzyl Benzyl 240°/6 66 Cc 1 eH 1 203 N 5.79 5.12 
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Similar reactions were carried out with the other substituted ethyl acetoacetates 
and the results are summarised in Table I. All these reactions were carried out 
using equimolecular proportions of the ester dissolved in ¢er¢-butyl alcohol and 
acrylonitrile in the presence of methanolic potassium hydroxide as a catalyst. The 
temperatures were maintained between 30° and 35”. 

Preparation of «-Substituted Glutaric Acids : «-n-Butylglutaric Acitd—Ethy]l «- 
n-butyl-«-(2-cyanoethyl)acetoacetate (5 g.) ‘was refluxed with 30% ethanolic 
potassium hydroxide (10 g.) on a water-bath for 24 hours. The alcohol was 
evaporated off and the residue acidified with dilute sulphuric acid. The mixture 
was then heated with a mixture of glacial acetic acid, concentrated sulphuric acid 
and water (5 c.c. each) for another 24 hours to complete the hydrolysis. The 
resulting mixture was concentrated under reduced pressure, diluted with water 
and extracted with ether several times. Evaporation of the dried ethereal extract 
left «-m-butylglutaric acid as an oil, which solidified when kept in an evacuated 
desiccator over sulphuric acid for several days. Recrystallisation from benzene 
gave the pure acid, m. p. 39-40°, yield 3g. (76%) (lit., m.p. 40°). 

Other «-substituted glutaric acids have been similarly prepared and the results 
are summarised in Table II. The «-zsoamyl- and <-allyl-glutaric acids were obtained 
as oils, which failed to crystallise even after prolonged storage in a refrigerator. 


TaBLe II 

=——— “qe sa me . 
Found. Literature. 

R= R= 
Methyl Methyl 54% 76° 77-78" 
Ethyl . Ethyl €6 59-60° 60-61° 
n-Propyl n-Propyl 63 69-70° 70° 
tsoPropyl tsoPropyl 65 95° 94-95° 
n-Butyl n-Butyl 76 39-40° 40° 
n-Amyl n-Amyl 84 27-28° 27-28° 
n-Hexyl n-Hexyl 71 38-39° 37.5° 
Benzyl Benzyl 49 76° 77-78° 


The authors desire to thank Prof. A. C. Chatterji, D. Sc., Dr. Ing., for facilities 
and the Scientific Research Grant Committee, U.P. for the grant of a research 
fellowship to one of them (J. S. S.). 


CHEMISTRY DEPARTMENT, 
Lucknow University, Lucknow. Received July 30, 1951. 
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ROLE OF FOREIGN SUBSTANCES ON THE RELEASE OF 
SUPERSATURATION. PART I 


By A. C. CuaTrerji AND R, P. RastToci 


Effect of foreign substances on the limits of supersaturation of potassium chloride has been investi- 
gated. It has been found that capillary-active substances reduce the limit of supersaturation. Inorganic 
substances produce no effect. Dyes have a tendency to stabilise the supersaturated solution only after 
repeated heatings. It has been suggested that dye particles are probably completely wetted by the 
solution and hence the limit is not lowered. 


It has been generally observed that dyes and certain other foreign substances 
retard the velocity of crystallisation of undercooled melts and supersaturated solutions 
(Mare and Wenk, Z. anorg. Chem., 1910, 68, 112; 1910, 73, 708; Jenkins, 7. Amer. 
Chem. Soc., 1925, 47,903). Tamman (Z. anorg. Chem., 1914, 87, 248) and Hartman 
(tb7d., 1914, 88, 128) found that foreign substances also altered the rate of nuclei 
formation. It is reasonable to expect a similar sort of behaviour with respect to 
supersaturation limits, because the temperature of spontaneous crystallisation depends 
both on the rate of formation of crystalline centres per unit time and rate with 
which these centres grow. A survey of literature reveals that this aspect of super- 
saturated solutions has been very little studied. Hence, the present investigations 


were undertaken. 


EXPERIMENTAL 


Standard aqueous solutions of foreign substances were prepared. Calculated 
amount of potassium chloride was weighed in soda-glass test tubes ; 4 c.c. of the 
solution containing the foreign substances were added. The test tubes were sealed 
and the limit of supersaturation and heating effect determined in the usual manner 
(cf. Ram Gopal, this Journal, 1943, 20, 183 ; 1947, 24, 279). 


TABLE I 


Limit of supersaturaton of KCl tm water alone. 
Ts si 25° 40° 50° 60° 
Ts -T ae 14.5° 19.0° 16.5° 16.6° 


No heating effect. 


The limits of supersaturation are given in the following table. 
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TABLE II 
eae oes —_e in To. Ts -T. Effect. 
0.0 g. Ethyl alcohol 40° 15.5 
5.28 e 14.0 Decrease 
9.43 " 119 
16.9 = 7.9 ns 
25.1 ‘ 6.4 . 
341 io 3.0 e 
43.1 19 
55.9 “ ; 25 
65.9 ‘s “ 6.0 “ 
78.1 ~ “ 10.0 é 
5.0 Acetone 40° 7.1 Decrease 
9.1 S 8.7 e 
15.0 se ‘ 8.0 " 
20.0 ie rm 8.0 a 
30.0 * a 7.5 ™ 
0.02 Sodium oleate 60° 16.0 No effect 
0.03 ‘ a 16.0 . 
0.05 a i. 14.0 Decrease 
1.00 ol ™ 12.0 ” 
4.7 Glucose 25° 10.7 Decrease 
9.0 ” " 12.0 “ 
18.5 - ” 12.5 ” 
37.2 - ” 9.5 i 
0.001 Capryl alcohol 60° 6.5 Decrease 
0.0025 a . 6.5 ° 
0.005 “ e 6.0 ” 
0.01 * Rs 55 ” 
0.0012 Caprylic acid 60° 6.0 Decrease 
0.0025 Ps Pm 7.0 ” 
0.005 ° * 7.5 ® 
0.01 * - 75 " 
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Conc. of foreign substance. 


Saturated = 


solution 
0.0012 
0.0025 
0.005 
0.01 
0.00012 
0.00025 
0.005 
0.01 
0.02 
0.0062 
0.0125 
0.025 
0.05 
0.05 
0.07 
0.1 
0.125 
0.25 
0.01 
0.025 
0.05 
0.10 
0.01 
0.025 
0.05 
0.07 
0.5 
1.0 
5.0 
9.2 
23.0 


Linoleic acid 


\ w 
Methylene blue 


Congo red 


Malachite green 


oo 


Bismarck brown 


Eosin 


Crystal violet 
ww 


Sodium chloride 


TABLE II (conéd.) 
Ts. 
60° 


50° 


RASTOGI 


Ts -T. 
8.0 
8.0 
8.5 

16.0 

15.7 
16.7 
17.6 
15.9 
15.9 
16.5 
18.0 
18.0 
18.0 
18.2 
17.8 
17.7 
16.0 
16.0 
16.2 
15.8 
15.7 
16.1 
16.3 
16.1 
16.0 
15.8 
15.9 
16.1 
16.0 
16.0 
16.0 
16.2 
15.4 
18.0 


Effect. 
Decrease 


No effect* 


” 


No effect* 


” 


Slight increase 
Slight increase 


” 


No effect * 


No effect 


” 


No effect 


” 
” 


No effect 





ae llCOcklUr 





ROLE OF FOREIGN SUBSTANCES ON THE RELEASE, ETC. 461 


TABLE II (conid.) 


Conc. of foreign substance. Ts . Ts -T. Effect. 
0.01 Potassium nitrate 50° 16.2 No effect 
0.02 - m 15.9 “ 

0.5 ” 0 16.0 
1.0 - : o 15.8 
0.05 Potassium chlorate 50° 15.5 . 
0.1 i a 16.0 
10 " a 15.8 
2.32 . Ye 15.0 a 
11.0 Magnesium chloride 60° 21.0 Increased 
15.0 ‘a o 24.0 ” 
21.2 . ” 19.0 ” 
30.0 7 ss vs 22.0 * 
Glass wool 60° 14.7 No effect 
Glass powder 60° 16.0 No effect 


Strong heating effect i.e. limit of supersaturation was considerably enhanced after repeated heating 
for longer periods. 

The solubilities in the presence of foreign substances were noted from ‘solubilities of inorganic 
compounds’ by Seidell. In very dilute solutions of foreign substances the solubilities were supposed to 
be unchanged. 


KBr, KI, NaBr, NaI, NaNOs, NH,Cl, when present up to 1%, were ineffective 
in altering the limit of supersaturation of KCI. 


DISCUSSION 


From the results given above, it is observed that the limit of supersaturation of 
KCI is appreciably lowered in presence of surface-active substances such as acetone, 
capryl alcohol, etc. Inorganic substances do not affect the limit. Only MgCle is 
found to enhance it. Dyes, in spite of the fact that they are colloidal in nature, do not 
reduce the limit but have stabilizing effect on supersaturated solutions on heating. 
Consider the well known Jones-Partington equation 
pro Fe 
where, 7; =saturation temperature ; 
o =Interfacial tension at the crystal solution interface ; 
p= Density of the solute ; 
A= Heat of solution ; 
7v=Radius of stable crystal nuclei. 


ll 








462 A. C. CHATTERJI AND R. P. RASTOGI 


If we suppose that ‘7’ and A” are unchanged in the presence of small amounts 

of foreign substances, we have 

7; -T=Ker 
where X is g constant and is equal to 27; /pAr. Here the only factor that can affect 
the 7; — 7 is the interfacial tension‘s’ If ‘so’ is enhanced, the limit is incareased, 
while if it is decreased the limit should decrease. 

At present very little information is available regarding the tension at the solid- 
liquid interface. However, it is not improper to assume that the tensions at the 
air-liquid interface and solid-liquid interface behave in a similar manner (cf. Glas- 
Stone, “Text-book of Physical Chemistry”, p. 1215, 1947). Hence the effect of 
substances on the tensions at the two interfaces may be supposed to be similar. 
Therefore probably, capillary-active substances also reduce the tension at the solid- 
liquid interface. Hence such substances are in general found to reduce the limit 
of supersaturation. Among the inorganic substances it is known that only MgCle 
increases the surface tension of water, hence the limit of supersaturation is found 
to increase in presence of MgCle alone. 

The effect of dyes appears to be very peculiar. In spite of the fact that nuclei 
are provided by the colloidal particles of the dyes, no early release of supersaturation 
is detectable although in some cases dye is partially precipitated. On the other 
hand, with repeated heatings the limit of supersaturation is found to increase 
considerably unlike the case when the solution of KCl is heated alone. In the 
absence of sufficient data it is not possible to explain this peculiar effect. For the 
present we shall confine our attention to the effect of dyes on the limit of super- 
saturation alone. Obviously we cannot expect any effect of the dyes on the limit 
since such small concentrations of the dye as 0.05% have no appreciable effect on the 
surface tension of water. It appears that the dust particle theory, as advanced by 
Hinshelwood and Hartley (PAz/. Mag., 1922, 43, 73), fails here, because, according to 
. it, the limit should be lowered in the presence of colloidal dye particles. Another 
objection by Frenkel against this theory may be cited in this connection (cf. Frenkel, 
“Kinetic Theory of Liquids”, p. 405). If the size of the nucleus were alone responsible 
for the release of supersaturation and the dust particle, having bigger size than the 
critical radius ‘7’ induced early release of supersaturation, there would be practically 
no supersaturation on flat glass surfaces where r= «. But as this is not the case, 
the dust particle theory appears to fail here also. The view of Frenkel (Joc. czt.) 
however, appears to be able to explain the inactivity of dye particles in super- 
saturated solutions. According to him only those portions of foreign surface are 
active in inducing crystallisation which are imperfectly wetted by the liquid ze. for 
which Ao=0 or even <0. It has been experimentally found by the method of 
Chatterji (Diss. Technischen Hochschule, Berlin, 1933) that dye particles are 
completely wetted by the solutions studied here and hence probably they do not act 
as nuclei and consequently limit of supersaturation is unaffected. 


CHEMICAL LABORATORY; 
Lucknow University, Lucknow. 
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ON THE IODIMETRIC ESTIMATION OF BIVALENT IRON 


By ARCOT VISWANTHAN AND M. G. SURYARAMAN 


Salts of bi-and trivalent iron form soluble complexes with the sodium salt of ethylenediamine- 
tetra-acetic acid and Sodium polyphos, a standardised complex phosphate. As the ferrous complex is 
oxidisable by iodine, the iron can be determined iodimetrically. 


The iodimetric estimation of bivalent iron has been attempted by sequestering 
the ferric ions formed through the use of acetic acid (Topf, Z. anal. Chem., 1887, 
26, 300), pyrophosphoric acid (Job, Compt. rend. 1890, 127, 59; Romijin, Pharm. 
Weekblad, 1911, 48, 996) and soluble tartrates (Rupp, Ber, 1903, 36, 164 ; Tananaev, 
Mitt.- Wiss. Tech. Arch. Republ. Russia, 1924,13, 72; Suryaraman and Viswanathan, 
J. Chem. Ed.. 1951, 28, 386) as complex formers. To the list of such complex formers 
could be added two new compounds, the sodium salts of ethylenediamine-tetraacetic 
acid and complex phosphates under the trade names ‘Versene’ and ‘Sodium polyphos’ 
respectively (Bersworth Chemical Company, Technical Bulletin No. 2, 1950; Blockson 
Chemical Co., Product Data Bulletin; Budde and Potemp, Amal. Chem., 1950, 22, 
1072). In the present work, ferrous iron has been estimated iodimetrically in the 
presence of these two sequestrants referred to. 


Materials :—(1) About A/10 ferrous sulphate or ferrous ammonium sulphate 
containing 20 c. c. of concentrated sulphuric acid (364) per litre, 
standardised by potassium dichromate (Merck, A.R.) using potassium 
ferricyanide as external indicator. 

(2) About A/10 thiosulphate, standardised by the same dichromate 
solution. 


(3) About 4/10 iodine, standardised against the thiosulphate. 

(4) Soluble starch, 1% solution, freshly prepared. 

(5) Freshly prepared solution of the dihydrate of the disodium salt 
of ethylenediamine-tetraacetic acid, 200 g. per litre. 


NaOOC.HeC CH..COONa 
sO OC EPG DN.CH:. CH NC GH? GOOH > 2H20 (AR) 


(6) Sodium polyphos (technical, Naj2Pj90O3,), freshly prepared 
solution, 400 g. per litre. 


Ferrous salt solution (25c.c.) was added to a mixture of 50c.c. of iodine 
(excess) and 20c. c. of the disodium salt or 50 c.c. of the Polyphos solution. The 
iodine was back-titrated against thiosulphate adding starch towards the end-point. 
The ferric complex in the product was colorless in the case of Polyphos, and yellow 
in the case of the Versene salt, while the ferrous complex appeared colorless in 
either solution. 
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Results are reproducible under the experimental conditions described, and 
representative values alone are stated. With each sequestrant a different iron 
solution was used. The volumes of thiosulphate equivalent to the iron solution are 
given in column 4, Table I. 


TABLE I 
Strength of iron by 
Sequestrant. Iron soln. K,Cr.O, Thio Thio K,Cr,O7 % Devia- 
(0.1016N) (0.1014) (g./litre) (g./litre) tion. 
Disodium salt of 
the amino-acid 25c.c. 24.75c.c. 24.70c.c. 5.594 5.606 - 0.1992 
Sodium polyphos 25 23.95 24.20 5.483 5.438 +0.8318 


As the ferrous complex was oxidised by air, the ferrous solution had to be 
added to excess of iodine in the presence of the complexing agent and back-titrated 
against thiosulphate. Sodium polyphos can function even at low fu values, 
addition of 25 c. c. of 2A-sulphuric acid making no difference in the titration 
(Kolthoff, Z. anal. Chem., 1921, 60, 393). The tetrasodium salt of the versene acid, 
when acidified, precipitated the amino-acid. But the disodium salt was not affetted 
by sulphuric acid (0.72N) present in the ferrous sulphate solution, the safe limit 
for this titration being a fn value not far below 7 to prevent the isolation of the 
amino-acid. It was found that sodium gluconate (Traube and Kuhbier, Zer., 1932, 
65, 187 ; 1933, 66, 1545) and sodium /-glycerophosphate could function as sequestrants 
for iron only in the presence of an excess of bicarbonate ; but the iron values found 
were 2.6% higher. With sulphosalicyclic acid (Moser, Momatsh, 1929, 53/54, 44) 
used as a complex-former in acid media, the ferrous complex could be oxidised 
neither by air nor by iodine. 


The authors desire to acknowledge a generous contribution of samples of 
Versene and of A. R. samples of the tetra and disodium salts of ethylenediamine-tetra- 
acetic acid by Messrs. Bersworth Chemical Co., Framingham, Mass. U. S. A. and 
of Sodium polyphos by Messrs. Blockson Chemical Co., Joliet, Illinois, U. S. A. 
One of the authors (A. V.) feels thankful to Prof. P. Ray of the Calcutta University, 
for advice received. 
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(Jour. Indian Chem. Soc., Vol. 29, No. 6, 1952) 


REACTIONS WITH DRY ALKALINE EARTH HYDROXIDES. A NOTE ON 
THE REDUCTION OF ALKALI NITRATE BY METALS LIKE Al, Zn, 
OR Sn CONDUCTED IN THE PRESENCE OF DRY 
BARIUM: HYDROXIDE 


By J. DaTTa 


Metals like Al, Zn, or Sn can expel hydrogen from molten alkali hydroxides. It is 
not known whether Ba(OH)e, another fusible hydroxide can, be utilised likewise 
or whether the nascent hydrogen generated by such processes can be utilised for 
any reductive purpose, e.g. of a nitrate to NHs. It has been found that mixtures 
of any of the above metals with NaNOs and excess of Ba(OH), powder evolve 
ammonia when heated to a temperature where the base just begins to soften. 
Identical mixtures with NaOH yield only NO under similar circumstances, NHs, 
however, appearing at the last stage of the heating when the base is fully melted. 
The formation of NH; in the above cases being explained as the result of the 
reduction of nitrate by the action of nascent hydrogen, generated from the respective 
hydroxides, (a close consideration shows that it cannot be otherwise), it is evident 
that the expulsion of hydrogen from Ba(OH)¢ starts appreciably earlier than in 
the case with NaOH. 


Sripat Sincu CoOLiece, 
JIAGANJ. MURSHIDABAD. Received December 3, 1951. 
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REDUCTION OF METALLIC OXIDES BY CARBON IN BORIC OXIDE 
AND BORAX MELTS. PART LI. CUPRIC OXIDE, TITANIUM 
AND URANIUM DIOXIDES 


By M. H. KHUNDKAR 


Cupric oxide reacts with boric oxide at as low as 650° forming a product of undetermined X-ray 
diffraction pattern. With borax is obtained a different compound, and the conversion is complete at 
700° (the CuO phase being completely absent in the product). The reduction of either of these com- 
pounds by carbon proceeds to copper through cuprous oxide. Between 600° and 7:0°, active carbon is far 
more react ve than graphite. 


Titanium and uranium dioxides were not reduced by active carbon at 1000°, nor were the 
reducibilities affected by the presence of boric oxide or borax melt. Rather, these oxides retarded 
the rate of reduction of these melts. 

In presence of sufficient proportions of boric oxide or borax, ‘anatase’ variety of titania can be 


transformed to ‘rutile’ variety at 900° and 700° respectively 


Ina previous communication the author (this Journal, 1952, 29, 341) reported the re- 
duction of ferric oxide by carbon in boric oxide and borax melts. In the range of useful 
temperature there (850°-1000°), the melts were found to be reduced also. In order to 
determine any general characteristics of the systems M:O,—C--B,O; (or Na,B,O,;), it 
was necessary to extend the work to some other metallic oxides having different affinities 
for carbon. Copper oxide was chosen for its greater reducibility than ferric oxide, 
while titanium and uranium dioxides were used for their inertness towards carbon even 
at 1000°. The experimental procedure and analytical methods followed were the same 


as described in the previous paper. 


Copper Oxide 


The easy reducibility of copper oxide is well known. ‘Tammann and Sworykin (Z. 
anorg. Chem., 1928, 170, 62) found 700° and 790° as starting points in the reduction of 
cupric oxide by sugar charcoal and graphite respectively. So, in it is found an oxide 
whose reduction by carbon in these meits can be studied at temperatures at which the 
melts behave as inert media. ‘The reduction of cupric oxide alone was repeated with 
the present samples of reactants, and the results have been plotted in Fig 1. The 
carbon in either case was oxidised practically completely to carbon dioxide. ‘The total 
amount of carbon dioxide that can be formed (on the basis of cupric oxide input) is 
32.0 c.c. Thus it will be seen that cupric oxide is completely reduced by active carbon 
at 600°, while with graphite the reduction is not entirely complete even at 700°. The 
proportion of any unreacted oxide, however, was definitely small. The X-ray photo- 
graph also (E73/CuO-Gr/700°) did not show any of their characteristic lines distinctly 


(Fig. ra). 
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The results of reduction in bori,. oxide and borax melts are presented in Tables I and 
Ii respectively. Copper oxides have been reported to be miscible (Féex, Compt. rend., 
1938, 206, 349) with these melts, but nothing is known about the nature of the com- 
bination. Boric oxide and borax in proportions used in the reduction experiments were 
separately mixed with cupric oxide and heated to different temperatures (in nitrogen 
atmosphere and in vacuo). With boric oxide (molar ratio CuO: B,O,:: 1:2) a green 
product was obtained at 650°. The X-ray diffraction pattern did not show even the 
strongest lines of CuO, but consisted of numerous broad lines towards low Bragg angle 
positions. Thé cupric oxide was thus completely converted toa new phase (presumably 
a borate, referred to as Cu-borate 1). In the case of borax (CuO: Na,B,O; :: 3: 2) 
at 600°, there was no change in CuO; at 650°, this partly disappeared and a new phase 
(similar in nature, but distinct from Cu-borate 1, and referred to as Cu-borate 11) appear- 
ed. This trausformation was practically complete at 700°. ‘his was grey in colour. The 
formation of a different compound by borax may be due to the presence of Na,O, or 
due to the fact that in the case of borax sufficient number of molecules of B,O; were 
not available, and a lower borate (containing higher proportions of CuO) was formed. 
Thus, the reactions were actually the reduction of Cu-borate by carbon in excess of the 
melts. In the products of incomplete reduction, cuprous oxide (and not any other 
borate, say cuprous borate) was found in both cases. So that the reduction seems to 
take the course: Cu-borate I (or Cu-borate 11) —> cuprous oxide —> copper. The 
slower rate of reduction of CuO by graphite (Fig. 2} in presence of boric oxide is due 
to the formation of Cu-borate I, which apparently has a slower rate of reduction. As 
shown in Fig. 3, borax retards the reduction at 600°, probably as an inert diluent, as 
the product of reaction is infusible, and no combination takes place between CuO and 
borax at this temperature. In contrast to this, the effect of borax at 700° (the product 
was a fused mass) is one of acceleration. It can thus be taken that the rate of reduction 
of Cu-borate II is greater than that of either cupric oxide or Cu-borate I, 


TABLE I 
Influence of boric oxide on the reduction of cupric oxide. 


CuO input = 3.00 mg. mole. Carbon input = 3.75 mg. a. B,O; input = 6.00 mg. 


mole. Duration of expt. = 420 mins. Maximum gas evolvable as CO, = 33-60 C.c. 


ixpt. Temp. Reactants. Total gas evolved. X-ray 
Estimated. Measured. pattern. 
E60 600° CuO-ac. C 32.21 C.C. 30.53 C.c. Ca 
E61 600° CuO-ac. C-B,O; 28.49 31.82 Cu 
E73 700° CuO-Gr 27.78 26.83 Cu 
E75 700° Cu0-Gr-B,0; 20.49 19.51 Cu-borate I, 
Cu ,O0 


E76 750° CuO0-Gr-B,O3 30.03 28.78 Cu 
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TABLE II 


Influence of borax on the reduction of cupric oxide. 


CuO input = 3.00 mg. mole. Carbon input = 3.75 mg. a. Na.B,O; input = 2.14 mg. 


mole. Duration of expt. = 420 mins, Maximum gas evolvable as CO, = 33.60 C.c. 


Expt. Temp. Reaetants. Total gas evolved. X-ray 
Estimated. Measured, pattern. 
E60 600° CuO-ac. C 32.21 C.c. 30.53 C.Cc. Cu 
E80 600° CuO-ac. C’NagB,O;7 14.73 13.59 Cu-borate 11, 
Cu,O 
E63 650° CuO-ac. C-Na,ByO; 33.92 32.69 Cu 
E73 700° CuO0-Gr 27.78 26.87 Cu 
E81 700° CuO-Gr-NagBsO, 32.16 30 70 Cu-borate II. 
Cu,0 
E78 750° CuO-Gr-Na,B,0; 30.87 29.32 Cu 


Uranium Dioxide 


The reducibility of uranium dioxide by active carbon at 1000° was first studied. 
A mixture of uranoso-uranic oxide, U,;O;, was heated in vacuo at 1000° when a dark 
brown product giving an X-ray pattern identical with that of the dioxide was obtained. 
But it still contained some oxygen in excess of that required for the dioxide. Because 
when this was later heated with active carbon at 1000°, it evolved a few c.c. of carbon 
monoxide, while the solid product was still brown, and gave X-ray pattern of the dioxide. 
This confirms the observation of Biltz and Miiller (Z. anorg. Chem., 1927, 163, 257) 
who by heating the higher oxide in vacuo could not get any nearer to UO, than UO,.,;. 
This UO... on heating in vacuo with borax or boric oxide at 1000° and subsequent 
cooling gave identically the same X-ray pattern as before, indicating that no stable 
borate is formed. ‘The reduction of mixture of UO,,x and borax (or boric oxide) was 
then studied and the resultsare summarised (along with those for titania) in Table III. 
The evolution of gasin nitrogen atmosphere with time has been plotted in Figs. 4 and 
5 respectively for borax and boric oxide. The product was a dark brown fused mass, 
giving again the X-ray pattein of UO, only. Actually then, the above study was con- 
cerned on the effect of uranium dioxide (with some absorbed oxygen) on the reducibility 
oi the melts. ‘The absorbed oxygen can possibly account for the high percentage of 
carbon dioxide. In either case, the reduction is definitely retarded in the presence of 
uranium dioxide. ‘The uranium dioxide decreases the fluidity of the melt, and probably 


thus affects the reaction. 
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TABLE III 


Reduction in the systems : UO,-ac. C-B,O; (or Na,B,O;) and TiO.-ac. C-B,O, 
(or Na,B,O;). 


UO, input = 0.21 g. B,O; input = 5.78 mg. mole. TiO. input = 2.62 mg. mole. 
Na.B,O, input = 1.04 mg. mole. Carbon input = 3.75 mg. a. Temp. = 1000°. Dura- 
tion of expt. = 200 mins 


Total gas % COg % C 
Expt. Reaclants. Estimated. Measured. by vol. oxidised. 
Rar ByO;-ac. C 79.49 ¢.¢ 81.40 ¢.¢ 20.93 95 72 
E213 B,Oy-ac. C-UO, 68.90 69.73 26.42 82.49 
E212 B,O;-ac. C-TiO, 74.18 76 53 22.53 89 67 
R217 a NaeBy,-ac. C 73-95 74-77 13.85 88.49 
E214 Na9ByO;-ac. C-UOz 70.46 70.87 22.50 84.08 
E217 Na gByO;-a+.C-TiO, 73-23 75-30 17.04 88.39 


Titanium Dioxide 


No reduction of titanium dioxide is observed below 1t100° (Belyakuva, Komar and 
Mikhailov, Metallurg., 1939, 14, 23). Experiments were carried out to verify this. 
The amount of gas evolved by heating titania with active carbon for 6 to 7 hours was 
only rt c.c. or 2, and the product gave X-ray pattern of anatase (same as the 
reactant). Equal parts by weight of titania and boric oxide (or borax) when heated 
in nitrogen atmosphere or vacuo, formed a homogeneous mass, which gave ‘rutile’ 
structure. This point is further discussed in the following section. The results of 
the reduction of mixtures of titania and boric oxide or borax are shown in Table III, 
as also in Figs. 4 and 5. ‘The product obtained, particularly in the presence of borax, 
was slightly greenish. This may be due to the formation of sesqui-oxide as suggested 
by Wentraup (Arch. Eisenhut., 1939, 18, 69). The concentration of sesqui-oxide was, 
however, too small to be detected by X-ray. ‘Thus, similar to the case of uranium 
dioxide, actually reduction of the melts was studied in the presence of titania (which 
remained practically inert! The rate of reduction of boric oxide is only slightly retard- 
ed by titania, while the effect is much more pronounced in the case of borax. ‘This 
can be explained by supposing that the fluidity of the melts decreases to different extents 
by the addition of same proportions (by weight) of titania ; and this would be the primary 
reason of the observed change. 

TasBLe IV 


Effect of heating mixture of titania with boric oxide or borax al different temperatures. 


Proportion of glass to oxide in equal parts by weight. 


Nature of mixture. Temp. X-ray pattern. 
Titanium dioxide alone 1000° Anatase 
Titanium dicxide with boric oxide 700° Anatase 

goo” Rutile 
Titanium dioxide with borax 500° Anatase 
700° Rutile 


goo* Rutile 
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Transformation of Anatase to Rutile.—That rutile is preferred to anatase by pig- 
ment manufacturers is well known. Although much more stable, rutile cannot be 
obtained by heating the oxide alone below 1200°. At this temperature the product 
is rough, poor in colour and tinting strength, and -generally unsuitable for 
pigment manufacture. None of the many modifications applied so fer allow the 
use of temparatures below go0°. So the above transformation in presence of'boric 
oxide and borax melts was further investigated with a view to ascertaining minimum 
temperature and conditions for the transformation. In the first instance, titania was 
mixed with (i) a trace, and (ii) equal parts by weight of boric oxide and heated at 935° 
in vacuo for fifteen minutes, and then cooled. The change from ‘anatase’ to ‘rutile’ 
was observed only in the latter case, showing that the change is not one of catalysis by 
boric oxide. Next, the same procedure was repeated with both boric oxide and borax, 
and results are given in Table IV. It was noticed that actual fusion is necessary for 
the change. It is probable that during fusion with boric oxide or borax, a borate is 
formed, which being unstable at lower temperatures, breaks up to the oxide and during 
this latter change, the borate is converted into the more stable oxide, namely ‘rutile’. 

This investigation was carried out in the Physical Chemistry Laboratory, King’s 
College, Newcastle-upon-Tyne, England, and the author wishes to record his grateful 
thanks to Prof. H.L. Riley for kindly suggesting the problem, and taking unfailing 
interest during its progress. 
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REDUCTION OF BORAX AND BORIC OXIDE MELTS BY CARBON 


By M. H. KuHunpKAR 


Appreciable reduction of borax and boric oxide starts only at go0° and 950° respectively. The 
reduction is more pronounced with active carbon than with either graphite or coke. With excess of the 
melt and insufficient amount of carbon, oxidation of carbon at 1000° is fairly rapid. With increasing 
amounts of carbon input, the extent of reduction (t. ¢. formation of oxides of carbon) increases to a 
certain maximum limit and then falls down. ‘The rates of these processess seem to be somehow related 
to the fusibility cf the mixtures. Addition of silica decreases the extent of reduction. The observed 
effects are more prohounced with borax than with boric oxide. X-ray analysis failed to show the 
existence of any crystalline product. 


Although reduction of boric oxide by carbon at temperatures above 2000° is being 
practised on a large scale for the manufacture of boron carbide purposely for obtaining a 
crystalline product, the literature on its reducibility below 1000° is very scanty. Accord- 
ing to Elbert and Stahler ‘Ber., 1913, 46, 2060) no appreciable reduction of boric oxide 
by sugar charcoal takes place below 1200°. Pearson (U.S. Patent, 1, 473, 510/1923) 
mentions the formation of a carbide of boron by heating anhydrous borax with carbon 
fairly above 1000°. ‘These, and available thermochemical data led the author to assume 
that both borax and boric oxide would be inert towards carbon up to at least 1000°. But 
on attempting to study the reduction of metallic oxides by carbon in these melts, it was 
observed (this Journal, 1952, 29, 341) that from mixtures of (B,0,+Fe,0;) and carbon, 
the volume of oxides of carbon evolved was a few c.c. more than that theoretically 
maximum for Fe,0;. The reducibility of these melts therefore was studied in details 
in these range of temperatures. For experimental and analytical details reference should 
be made to the paper just mentioned. 


Reduction of Borax by Carbon 


First the reducibility of borax by graphite at different temperatures was studied, and 
the results are recorded in Table I. 


TABLE I 
Reduction of borax by graphite at different temp. 


Na,B,O; input = 2.029 mg. mole. Graphite input = 3.75 mg. a. ‘ 
Duration of expt. = 420 minutes. 


Temp. Total gas evolved. % CO, % Graphite Nature of product. 
Estimated. Measured. by vol. oxidised. 
850°/Ng No appreciable reduction. 
goo*/Ny 11.41 C.c. 12.66 c.c. 18.96 sd Black homogeneous mass. 
950°/No 14.88 13.42 12.90 17.72 
1000°/N, 25.97 25-12 6.16 30.92 } Black mass on top of 
1000°/vac. 31.13 — 5-17 37-07 clear glass, 
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It will be seen that up to 950° the reduction is very slow, and increases appreciably 
at 1000°. While some graphite might possibly go to form carbides, it was evident from 
Fig. 1 


(1) 


(3) 





(1) NagByO, (ByO;)-Gr/1000° 
(2) ” ” C/ ” 
(3) Graphite 


the progress of reaction {curves not shown), as well as X-ray analysis of the prodt 
(Fig. 1) that some graphite still remained unreacted. Thus, reduction by graphite wa: 


very slow even at 1000°. A comparative study of the reducibility of borax by graphite, 
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active carbon and coke (a low-ash content sample of 100-120 I.M.M.) at 950° was next 
made, and results are graphically shown in Fig. 2. ‘There is not much difference bet- 
ween graphite and coke, while the active carbon was far more reactive than either of 


the two. 
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Effect of Varying Proportions of Carbon.—In view of its pronounced reactivity, 
active carbon (a reactive variety of cocoanut charcoal, 100-120 I M.M. fine, and containing 
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C, 95-81%; H, 0.561% and ash, 0.914%) was chosen for the following reactions. As 
the capacity of the gas burette was a little over 100 c.c., all experiments were carried out 
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in vacuo (i. e. starting from vacuo and following pressure change,. Results obtained 
by using varying amounts of carbon under these conditions have been shown in Table II. 
Change of pressure with time has been plotted in Fig. 3. In the case of 3.75 mg. atom car- 
bon input, equilibrium is reached in.about 60 minutes, while for 6:00 mg. atom it takes 
about 120 minutes. With further increase of carbon input, the reduction (rather the rate 
of gas escape) becomes increasingly slower. With increasing carbon input, the fusibility 
of the reacting mixture decreases; and itis interesting to note that the change in 
fusibility is greatest in the zone 9.00 to 12.00 mg. atom carbon input where the fall 
in the rate is also most prominent. ‘The total carbon converted into its oxides in 
different experiments with varying amounts of carbon input has been shown in Fig. 4. 
The time chosen for stopping the reaction was 300 minutes in every case. The first 
three experiments were complete long before this time, while the last two were still going 
slowly. With a shorter time, the difference in the extent of reduction would have been 
more pronounced. The curves clearly indicate that the rate of oxidation of carbon is 
directly dependent on the fluidity of the mass. The overall rate of reaction, however, 
will have to envisage the interaction of carbon to form the various carbides. The 
products of reactior could not be exactly identified. In the case of the first experiment, 
the clear glass residue had the composition for Na,B,O, excluding the possibility of the 
reaction following the course: 


Na,B,O, + 3C —> 2 NaBO, + 2B + 3CO. 


It may be that with different proportion of carbon available, the reduction may take 


different courses. 


TABLE II 


Effect of the variation of carbon input on the reduction of borax. 
Na,.B,O; input = 1.043 mg. mole. Temp. = 1000°. 


Duration of expt. = 300 mins. (in vacuo). 


Active C input Total gas Final % COs Total C oxidised. Nature of 
(mg. a.) estimated. pressure. by vol. (ing. a.). (% input). product. 
3-75 73-35 CC. 186 mm. 13.83 3-28 ae Black mass on top 
6.00 107.73 286 9.25 4.80 80.00 of clear glass, 
9.00 152.07 388 3-89 6,79 75-44 Black fused mass. 
12.00 106.59 290 1.85 4.76 39.66 Just fused. 
15.00 99-35 238 0.32 4-44 29.57 Black infusible 
powder. 


Effect of Addition of Silica.—Silica is not reduced by carbon below 1400°-1500°. 
This was confirmed with the reactants used. Next the reduction of borax by carbon 
was studied in presence of varying amounts of silica, and the results are shown in ‘Table 


III and Fig. s. 
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TasLe IIT 


Effect of silica on the reduction of borax by carbon. 


Na,B,O,; input = 1.043 mg. mole. Active carbon input = 9.00 mg. a. 


Temp. = 1000°. Duration of expt. = 200 minutes (vac.). 


SiO, input Total gas % CO, Total C Total O Nature 
(% by wt estimated by vol. oxidised. reacted. of 
of borax). (mg. a.) (mg. a.) product. 
° 152.07 C.c. 3.89 6.79 7.05 Fused. 
25 130 32 14.05 5.82 * 6.54 Fused 
50 106.20 11.40 4.75 5-23 Practicaly 
infusible. 
100 85.14 7-15 3.80 4:05 Infusible. 


The effect of silica is to retard the reaction, although the mechanism of its influence 
is not clearly understood. Another point to be noted is the increase in %CO, in the 


final gas mixture with addition of silica. This value only slowly decreases with further 
increase. ° 


Reduction of Boric Oxide by Carbon 


Reduction of boric oxide by carbon at different temperatures was carried out under 
conditions similar to those described for borax, and the results are shown in ‘Tabie IV. 


TABLE IV 
Effect of temp. on the reducibility of boric oxide. 


B,O; input = 5.857 mg. mole. Graphite input = 3.75 mg. a. 
Duration of expt. = 420 mins. 


Temp. Total gas evolved. % CO, Graphite X-ray 
Estimated. Measured. by vol. oxidised pattern 
(mg. a.). 
goo*/Ng on Practically noreduction 
950° /Nz 15.12 ¢,¢. 12.03 C.c. 33-00 0.68 Graphite 
1000° / Ng 41 60 43-28 17.50 1.85 Graphite (w) 
1000°/vac. 43-96 _ 16.15 1.96 Graphite (w) 


The reduction of boric oxide by graphite is practically nil at 900°, and is consider- 
able at 1000°. Vacuum, similar to the case of borax, accelerates the reaction to some 
extent. The higher percentage of CO, in the final gas mixtures compared to that in the 
case of borax can probably be understood by recognising that the availability of mobile 
oxygen is greater than that in the case of borax. The product was a black fused mass 
in every case. 
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Fig. 5 








Effect of Si0, on the 






































-9 
Reduction of Borax by Carbon. 
5- 
+ 8B 
a 
/ ‘ 
P) sat 
a ~ 
-_" ‘ a ? 
£ 3 
— 3 
a > 
ar-6 | hae 
S Vw 
5 S 
, uU 
ats- ve 
) Bo 
& 
< / 
5) ‘ 
/ 
4, 
, 
‘ 
’ 54 
/ 
3 
7 
Si02 input (% by wt. Ff Borax) 
] l 2. 
a * = 
Fig. 6 
3-5 ‘ 
‘ 
Q Effect of Carbon Input 60-4 
s 
5 on the reduction of B.0. at 1000'c. 
50-4 
aaa 40-4 
o 
ww 
£ 
re 30- 
S 
Q 
x 
° 
z 204 
ro) 
@ = 
a 25 7h... 
u ‘ oe 
10- 
» 
o+ 
CarBon INPUT, me. & 
-0 j l L i 1 
S 6 9 12 15 














RRDUCTION OF BORAX AND BORIC OXIDE MELTS 483 


Effect of Varying Amounts of Carbon Input.—To study the effects of using varying 
amounts of carbon in individual experiments, for similar reasons as suggested before, 
active carbon was used as the reducing agent, and all reactions were carried out in 
vacuo. Data are shown in Table V. Curves representing increase of pressure with 
time (not shown) are of the same nature as those for borax. With 3.75 mg. atom carbon 
input, the reduction is complete in 150 minutes; in others, it is not entirely complete 
even in 240 minutes. Ali of them, however, were studied upto this latter time (240 
minutes). 

The reduction after this period was very slow. The effect of variation of carbon 
was not so pronounced as in the case of borax. The amount of gas evolution (Fig. 6) 
goes on increasing up to acarbon input of 6.00 mg. a., after which it falls, rather 
slowly. Actually it tends to reach a minimum value. 


TABLE V 


Effect of carbon input on the reduction of boric oxide. 


B,O, input = 3.00 mg. mole. Temp. = 1000°. Duration of expt. = 240 mins. (vac). 
Carbon input Total gas % CO, Total carbon oxidised. Nature of 

(mg a.) by vol. (mg a.). (% input). product. 

3-75 §2.34 ¢.c. 16.88 2.34 42.33 Fused black mass. 

6.00 66.85 5-04 2.98 49-66 Fused black mass. 

9.00 53.78 2.G0 2.40 26.68 Practically infasible. 

12.00 §2.11 1.48 2.33 19.39 Infusible. 

15.00 §2.23 1.48 2.33 15.54 Do 


Effect of Silica Input.—The effect of silica input was not anything remarkable. 
By addition of 50% by weight of silica in the reduction of boric oxide by carbon ‘carbon 
iuput: 6.00 mg. atom; other conditions same as siven in Table V), the change of carbon 
oxidised was from 49.66 to 47.56 %. It was not therefore studied in details. 

The investigation was carried out in the Physical Chemistry Laboratory, King’s 
College, Newcastle-upon-Tyne, England, and the author wishes to record his grateful 
thanks to Professor H. L. Riley for his kindly suggesting the problem and taking unfail- 
ing interest during the progress of the same. 
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NITRIDES OF MOLYBDENUM 
By S. P. GuosH 


Molybdenum nitrides have been prepared by the action of ammonia on molybderitim powder. The 
products have been examined by the powder method of X-ray analysis. Only one nitride (y) could be 
prepared in a pure state. This nitride is an interstitia! phase with face-centered cubic structure. 
Two other nitride phases (8 and 8) ate also formed simultaneously. The S-phase has a tetragonal and 
the 8 phase has a hexagonal structure. 


Uhrlaub (Pogg. Ann., 1857, 101, 624) first reported the preparation of a nitride by 
the action of dry ammonia on MoCl,. Rosenheim and Braun (Z. anorg. Chem., 1905, 
‘46, 311) obtained a nitride in the above manner and reported it as Mo,N;. Hiigg (Z. 
bhysikal. Chem., 1930, BT, 339) investigated the preparation and structure of molybde- 
num nitrides. He prepared the nitrides by the action of dry ammonia on molybdenum 
powder and made an X-ray analysis of the nitrides formed under different conditions. 
He has shown that in molybdenum nitrides the nitrogen-poor phase obeyed the Higg 
rule. No definite chemical formula could be assigned to phases in contrast to the 
findings of the previous workers. 

Altogether three nitride phases were established from X-ray analysis, which he 
characterised as 8, y and 4, metallic molybdenum being designated as the *-phase. 
In the B-phase the metal atoms are arranged in a face-centered tetragonal lattice. 
The dimensions of the unit cells were found to be a=4.18048, c=4.0164 and c/a=o0.061. 
This phase has the lowest nitrogen content and is always mixed up with « and y 
phases. This is stable above 600°. The homogeneous region of the §-phase is in 
the proximity of 21 atomic per cent nitrogen. 

The homogeneous region of the y-phase at 600° lies in the neighbourhood of 33 atomic 
per cent nitrogen. But the product still contained some unreacted molybdenum as 
was apparent from the X-ray photograph. With 34.6 atomic percent nitrogen the 
molybdenum lines disappeared. In this phase the metal atoms are arranged in 
a face-centered cubic lattice and the length of elementary cube was found to be 4.1554. 
X-ray photographs provide no evidence for the positions of the nitrogen atoms. 

In a preparation with 37.7 atomic per cent nitrogen the lines of a higher nitride 
phase, 8, were visible together with those of the y-phase. The y-phase, however, 
disappeared in a preparation with 48.0 atomic per cent nitrogen. This phase has a 
simple hexagonal lattice, positions of nitrogen atoms being unknown. 

Present investigation was undertaken to prepare a pure nitride in quantity for 
further work. Different methods for the preparation of nitrides were tried ; the 
reactions were followed with X-ray analysis. 


ExPERIMENTAL 


The arrangement used for the preparation of nitrides and carbonitrides (which will 
be reperted in a later paper) is given in Fig. 1. ; 
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The furnace was supplied with electric energy from A. C. mains through a ‘Variac’ 
transformer and a Cambridge thermoregulator which could maintain the temperature 


Fig. 1 
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within + 2° of any desired temperature. The temperature was noted with a platinum/ 
platinum-rhodium thermocouple, placed inside a silica sheath, inside the reaction tube. 
A survey of the temperature of the various parts of the furnace showed that the tem- 
perature was uniform wear the centre for a length of about 1ocm. ‘The silica boat in 
which the substance was heated was always placed at this zone during the reaction ; 
the tip of the thermocouple was just over the centre of the boat. ‘The reaction (ube 
was made of transparent silica, 32” long and 1.3” in diameter. One end of the tube 
was fitted with a ground glass cuver ending in a thin, long, closed tube. To the other 
end of the tube was fused the sheath for the thermocouple, and there was an outlet 
for the exit gas. In order to place the boat in the reaction zone of the furnace a magne- 
tic device was used. 

Molybdenum powder (B. D. H.) was used for all experiments after exhaustive 
reduction with hydrogen. ‘The purity was found to be 99.80%. The side of the unit 
cell, calculated from powder photograph, was found to be 3.1404 (Hiagg’s value was 
3.1394 and that of Hull, 3.1414). 


All reaction products were examined with X-rays. A Metrovick demountable, 
continuously evacuated tube with cobalt target was used. The tube was run ata 
potential’ of 44kv and photographs were taken with 20 ma. current. The cobalt K, 
radiation after the elimination of Kg by means of an iron filter was used. Photographs 
were taken in a 9 cm. Debye-Shearrer camera. An aluminium foil (0.1 mm. thick) 
was used to reduce the background scattering. 

The action of nitrogen on molybdenum powder was investigated between the tem- 
peratures 400° and 1000°. .No indication of any nitride formation could be detected by 
X-rays. 
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Between 200° and 300° ammonia had very little action on molybdic oxide, a little 
ammonia was adsorbed but no reduction could be detected. Between 400° and 600° most 
of the trioxide was converted into the dioxide, as revealed by X-rays. Nitride formation 
took place between 650° and 700°. A mixture of the y- and 8-phases of the molybdenum 
nitride was produced in which the y-phase was the more pronounced. 

It was found that nitrides were much more easily formed by the action of dry 
ammonia on molybdenum powder. According to Hiigg (loc. cit.) the maximum concen- 
tration of nitrogen occurred at 725° fora run of 4 hours. In the present investigation 
the maximum concentration of nitrogen was obtained at 760° for a run of 4 hours. 
The velocity of nitride formation was thus found to be much smaller for molybdenum 
than those for chromium, manganese and iron. 

Only the y-nitride could be prepared in a pure state. Samples prepared at 850° 
and containing 32.22 atomic per cent nitrogen were found to be free from the 8-phase. 
In contrast to Hiagg, no y-nitride could be prepared in a fairly pure state below 850°. 
In all preparations below 700°, the y-phase was very weak and was always mixed up 
with a- and §-phases. 

Table I shows the results of measuring lines of a photograph of the y-phase in a 
preparation containing 32.22 atomic per cent nitrogen. 


TABLE I 
Intensity. Sin?é@ (observed). hkl. Sin%@ (calc.). 
m 0.9291 420 0.9293 
m 0.8825 331 0.8828 
w 0.7442 400 0.7434 
Ww 0.5597 222 0.5576 
s 0.5122 311 0.5111 
s 0.3737 220 0.3717 
s 0.1877 . 200 0.1858 
vs 0.1399 111 0.1394 


The photograph can be indexed as face-centered cubic using 1.786594 for the 
wave-length of CoKa radiation, which is the weighted mean of a, and @,. The length 
of the edge of the elementary cube was found to be 4.1444. This was a mean value 
for the 5 high angle lines. An attempt was made to find a more accurate value by 
plotting different a-values against cos*#. But the points did not lie in a straight line 
showing that the errors were not systematic. Hagg obtained a value of 4.1554 for a 
nitride prepared at 600° and containing 31.9 atomic per cent nitrogen(loc. cit.). But 
he obtained the same value, 4.1444, after homogeneising the sample at 850°. The values 
of a, of course, depends upon the temperature of preparation and nitrogen concentration. 
From the photographs uothing could be said regarding the positions of the nitrogen 


atoms. 

Below 700° the other nitride phases are always mixed up with the y-phase. With 
prolonged nitriding, however, the y-phase slowly disappears. In preparations contain- 
ing 42-46 atomic per cent nitrogen no reflection of the y-phase could be detected. 

The results of measuring lines in a nitride prepared at 710° with a nitrogen content 
of 42.2 atomic per cent nitrogen are shown in Table II. 
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TABLE II 


Tetragonal Hexagonal 
Intensity. Observed sin?@. hkl. Calc. sin’@. Cale sin?é, bai. 

ms 0.9265 330 © 9233 

ms © 9102 41! 0.9048 © g104 210 
s 0 7971 322 0.7977 0.7961 112 
vw 0.7072 233 0.7047 

vw 0.6445 312 0.6438 

8 0.6238 114 0.6258 0.6216 201 
s 0.5398 222 0.5412 

w 0.5222 004 0.5232 0.5202 200 
ms o 0.4948 _ 301 © 4944 

w 0.4049 220 0.4104 0.4059 002 
Ww 0.3931 113 0.3969 0.3902 110 
vw 0.3209 _ _ _ 

vw 0.2548 210 0.2565 

vs 0.2340 112 0.2334 0.2314 101 
vvw 0.1653 _ om — 

vs 0.1326 002 0.1308 0.1300 100 
s 0.1030 110 0.1026 0.1030 oo 


The tetragonal system is satisfied by the quadratic equation : 
sin?@ = 0.0513 (h? + k*) + 0.0327 0 
The values of the parameters are: a = 4.5848, c = 4.934, c/a = 1.07. 
The hexagonal system is satisfied by the quadratic equation : 
sin?6 = 0.1301 (h® + hk + k?) + o.1015 (. 
The values of the parameters are: a 2.8604, c = 2.8044, c/a = 0.980. 


The powder photograph of a preparation containing 46.3 atomic per cent nitrogen 
could be similarly indexed. 


It can be seen readily that some of the interferences can be indexed either as tetra- 
gonal or hexagonal. There are altogether 17 lines in the photograph ; 15 of these 
can be indexed as tetragonal with the exception of one very weak and one very very 
weak lines. Nine of the lines, only, however, can be indexed as hexagonal. Out of these 
only 3 are weak, and the rest are strong lines. It is thus difficult to decide the exact 
structure of this nitrogen-rich phase. Probably it contains a mixture of A (tetragonal) and 
8 (hexagonal) phases. The parameter in the case of the hexagonal structure are the 
same as obtained by Hiagg. Inthe case of the f structure, however, the values are 
quite different. Hagg obtained: a = 4.1804, c = 4.0164 and c/a = 0.961. While 
the values in this case were a = 4.588, c = 4.934 and c/a = 1.07. From a considera- 
tion of the axial ratios in both the cases it is obvious that the tetragonal phase could 
be looked uoon as a deformed cubic phase. ‘The higher concentration of nitrogen is 
probably responsible for this deformation. 
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The very weak lines which could not be indexed might be an indication of the 
ordered positions of the nitrogen atoms when the concentration was high, which is 
natural. 

From a visual examination of the X-ray photographs of the nitrides prepared, it 
is found that below 600° the product of nitriding molybdenum with ammonia is a 
inixture of all the phases, viz., 2, 8, y and. While at 650° the <- and y- phases are 
very weak. Up to 760° a mixture of the two phases, 8 and 4, is obtained. ‘The y-phase 
becomes more pronounced at about 800° and at 850° a pure y-phase is obtained, with 
a range of homogeneity between 30 and 33 atomic per cent nitrogen. 

The nitride phases have the same grey colour as tliat of the original molybdenum 
powder. Strong hydrochloric acid slowly attacks the nitrides ; a mixture of hydrochloric 
and nitric acids has a more vigorous action. 

The author thanks Prof. H. L. Riley for his keen interest and advice during the 
progress of the work. 
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A PROCEDURE FOR THE SEPARATION OF METHYLAMINES 
By R. H. SAHASRABUDHEY AND P. K. RAMACHANDRAN 


Fiom a mixture of the hydrochlorides of niethyl-, dimethyl- and trimethyi-amines, methylamine 
hydrochloride is first removed by its insolubility in chloroform ; dimethylamiine is then precipitated 
as tetramethylthiufamdisulphide which is subsequently decomposed into dimethylamine. ‘The trimethy!- 
amine is distilled from the residues. Alternatively, after removal of the methylamine, the dimethyl 
amine is fixed up as the corresponding dithiocarbamic acid and trimethylamine distilled out ; the 
dimethyldithiocarbamic acid which is stable to alkali is subsequently decomposed with acid, and di- 
methylamine distilled out with alkali. 


Several methods for the preparation of methylamines result in the formation of 
mixtures, separation of which has presented some difficulty, mainly because these 
compounds are gaseous at ordinary temperatures and the differences in their physical 
and chemical behaviours are not wide enough to be easily utilised to this end. 
Fractional distillation procedures based on the differentiai volatility and solubility 
have been patented (British Chem. Abst., 1941, B. I, 107; 1037, B, 650; also 
U. S. Patent, 1936, No. 2045929). Lately chromatographic separation has also been 
claimed (Fuks and Rapporport, Doklady Akad. Nauk, U.S. S.R., 1948, 60, 12109). 
Insolubility of methylamine hydrochloride in chloroform has been utilised for separa- 
ting this compound but selective salting out of dimethylamine hydrochloride, recom- 
mended by Werner (J. Chem. Soc., 1917, 111, 845), has been found by us not capable 
of yielding satisfactory results. Bertheaume’s selective precipitation of dimethylamine 
periodide (Compt rend., 1910, 180, 1257) requires excessive dilution (1: 2000) and is 
of little practical application (for references to the older methods vide Beilstein’s Hand- 
buck der Organischen Chemie, 1922, Band IV, p. 45). 

Carbon disulphide has been known to combine with primary and secondary amines 
to form dithiocarbamic acids {(Delepine, Compt. rend., 1902, 184, 715 ; Ann. chim., 1913, 
vii, 29,095). Braun’s work (Ber., 1902, 35, 817 et seq.) on the oxidation of these last to 
various thiuramdisulphides suggested that the ease of both these reactions could probably 
be taken advantage of, for separating di- and tri-methylamines, which constituents 
were really the more difficult to separate from a mixture. Indeed, as early as 1868 
Hoffmann appears to have suggested the use of the former reaction for separating 
the amines (cf. Richter, ““Text Book of Organic Chemistry’’, 1944, Vol. I, p. 195) 
but later work has revealed that much of the amines are lost as substituted thiocarbamides 
(Grodzki, Ber., 1881, 14, 2754) and there are no data available to assess the efficiency 
of his procedure which is substantially different from the one now proposed. 

It has now been shown (vide Experimental) that from a mixture of di- and tri- 
methylammonium bases or their salis (as is obtained, for example, by methylation of 
ammonium chloride by formaldehyde and freed from monomethylamine ; Werner, 
loc. cit.), dimethylamine can be quantitatively precipitated as tetramethylthiuramdi- 
sulphide which can be subsequently decomposed by acid hydrolysis into pure dimethyl- 
amine. The residues left after filtration of the thiuramdisulphide, when distilled 
with alkali, give trimethylamine. ‘The reactions involved can be represented as follows ; 
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(i) Me,NH + CS, + NaOH —> Me.N.CS.SNa + H,O 
(it) 2Me,N.CS.SNa + I, — > Me.N.CS.S.S.SC.NMe, + 2NalI 


(iii) Me.N.CS.S.S.SC.NMe, Acid hydrolysis 2Me,NH + CS, + S + COS 
a > 


It is also possible to modify the above procedure as follows, at least under certain 
circumstances, effecting considerable saving in time and materials, but the products 
obtained are not always as pure as in the above case (vide Table Il}. The mixture 
is treated with an excess of carbon disulphide and alkali; the dimethylamine forms 
sodium dimethyldithiocarbamate (Equation i) which is stable towards alkali at boiling 
temperature and permits distillation of trimethylamine. The residues are acidified 
and digested with moderately dilute sylphuric acid decomposing the dimethyldithio- 
carbamate into free dimethylamine which can be distilled out after basification of the 


solution. 
EXPERIMENTAL 

Procedure I: Recovery of Trimethylamine.—Experiments were carried out with 
prepared mixtures of di- and tri-methylamines in different proportions; 2.5 g. were 
dissolved in about 20 c.c. of water and treated with carbon disulphide (little over 1 mol. 
computed on the basis of dimethylamine present) and sodium hydroxide (2 mols.), 
the latter being added gradually with constant stirring of the mixture which was 
cooled in ice (10°). ‘The light pink coloured solution, so obtained, was treated with 
a calculated quantity of iodine, dissolved in aqueous potassium iodide, when thiuram- 
disulphide was precipitated. It was filtered and the filtrate made strongly alkaline 
with caustic soda, and trimethylamine distilled out and absorbed in hydrochloric acid. 
Results of these experiments are presented in Table I. 


TABLE I 


Recovery of.trimethylamine and tetramethylthiuramdisulphide. 
(For every experiment 2.5 g. of the mixture used). 


Mixture Reagents used. ThiuramGisulphide Trimethylamine 
a ---— in filtrate. 
No. Me,NH.HCl. Me;N.HCI. CS,. NaOH. Iodine. obtained. expected. Found. 
(Ratio). 
I 2.25 g. 0.25 g. 1.7 C.c. 2.81 g. 3938 3-48. 3-378 0.248 g- 
(go :10) 3-35 0.262 
2 1.875 0.625 1.4 2.34 3.28 2.75 28 0.649 
(75 :25) 27 0 635 
3- 1.25 1.25 1.0 1.56 21 1.8 1.87 1.23 
(50 :50) 1.7 1.22 
4 0.625 1.875 0.5 0.78 1.19 0.9 0.91 1.98 
(25 :75) 1.1 1.90 
5 0.25 225 0.% 0.35 0.5 035 0.37 2.22 
(10 :go) 0.45 2.24 
6° 112° "94.0 16.8 60.17** 
7 16 5* 43-5 24-00 24.75 35.0** 


*Quantities estimated by Wilson and Weber's procedure (J Biol. Chem., 1918, 35, 358) in a mixture 
(obtained by Werner’s method) which had been freed from monomethylamine. 

**These correspond to 80% recovery. The loss of 20% is due to escape of amine because very 
concentrated solutions were processed. This can be minimised by using more dilute solutions. 
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Recovery of Dimethylamine.—Tetramethylthiuramdisulphide (Braun, loc. cit.) 
obtained by the above procedure is reasonably pure (m.p. 146°}. Its decomposition 
with various reagents was examined from the point of view of dimethylamine forma- 
tion. It is fairly stable towards alkali but decomposes easily with dilute sulphuric 
acid. The following procedure was found most satisfactory : 200 c.c. of dilute (approx. 
6 N) sulphuric acid was kept boiling under a water cooled condenser and at intervals 
of every half an hour 6-7 z. disulphide added. Dimethylamine was distilled from this 
by addition of an excess alkali. In two experiments with 30 g. and 35 g. of disulphide, 
dimethylamine recovered was 11.15 g. and 12.24 g- respectively (calculated dimethyl- 
amine, 11.25 g. and 13.1 g. respectively). 


If larger quantities of disulphide are added at a time or proportionately lesser 
volume of sulphuric acid taken, the recovery of dimethylamine is not so good ; a part 
of the amine is lost as tetramethylthiocarbamide (Sahasrabudhey, this Journal, 1951, 
28, 342). 


Procedure II.—Mixtures of di- and tri-methylamine in different proportions (10-90%) 
were treated with carbon disulphide (2 mols.) and sodium hydroxide (4 mols.) exactly 
in the same manner as in procedure I. The trimethylamine was directly distilled 
from the above and absorbed in hydrochloric acid and estimated. The residue con- 
taining sodium dimethyldithiocarbamate was treated with enough sulphuric acid to 
make the solution correspond to 5-6 normal acid. ‘This was boiled directly for about 
15-20 minutes to decompose the dithiocarbamic acid into amine and carbon disulphide. 
The mixture was then treated with excess of alkali and dimethylamine distilled, collect- 
ed in acid and estimated. 

Results are presented in Table TI where experiments 1-7 refer to pure di- or tri- 
methylamine and indicate the conditions for stability of sodium dimethyldithiocarba- 
mate and quantitative recovery of trimethylamine. Experiments 8-12 refer to various 
mixtures of these two. 

In these experiments no attempt was made to recover carbon disulphide, but on 
large scale experiments it should be possible. 


TABLE II 
Mixture. Reagents used. Me,NH.HC!1 Me;N.HC!1 
No. Me,NH.HCI. Me3N.HCI. CS3. NaOH. recovered. recovered. 
(Ratio). 
I 1.0 g. 0.8 ¢.c. 1.25 g. © 3015 g. 
2 1.0 1.6 2.5 0.0122 
3 1.0 g. 1.6 2.5 0.815 g. 
4 1.0 2.0 2.5 0.866 
j 5 0.23 0.4 0.56 0.227 
6 0.69 0.8 1.12 0.650 
? een 1.6 2.25 1.050 
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TasLE IT (contd.) 


Mixture. Regents used Me,NH.HC! Me;N.HC1 
Me,NH.HC1. Me3N HCl. CS». NaOH. recovered. recovered. 
(Ratio). 


3.6 5.62 * ( 2.29 0.325 
2.21 0.319 


2.32 0.291 


110) 


1.900 0.65 
1.874 0.705 
1.787 0.685 


-” 


I 295 1.130 
1-243 1.275 
1.56 0 730 1 855 
0.645 1.825 
0.690 1.900* 


0-275 2.25 
0.222 2.16 
0.220 2.27 


pe i ee ee ee > eae 


0.625 
790) 


| 
| 
| 
| 


*The figures refer to independent sets of experiments. 


The authors welcome this opportunity to express their sincere thanks to Principal 
S. S. Joshi, D.Sc.. F.R.1.C., F.N.1., for his interest in the work. 
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BROMINATION OF 7-HYDROXY- AND 5-HYDROXY- 
2-METHYLCHROMONE 


By R. M. Nark AND SURESH SETHNA 


7-Hydroxy-2-methylchromone on bromination with one and two moles of bromine gave products 
to which the structures of 7-hydroxy-2-methyl-8-bromochromone and 7-hydroxy-2-methyl-6 :8-dibromo- 
chromone respectively have been assigned. 5-Hydroxy-2-methylchromone on similar bromination gave 
products to which the structures of 5-hydroxy-2-methyl-8-bromochromone and 5-hydroxy-2-methy]-6 :8- 
dibromochrom ne respectively have been assigned. The tribromochromones obtaine1 on bromination 
with excess of bromine did not give any definite product on hydrolysis, but it is !ikely that the bromine 
may have entered the 3-position. The action of nitric acid on 5-hydroxy-2-methyl-6 :8-dibromochromone 
has been found to lead to the progressive replacement of the bromine atoms by the nitro groups. 


Very little work has been done on the halogenation of chromones. Simonis and 
Herovici (Ber., 1917, 50, 646) brominated 2:3-dimethylchromone and obtained a dibromo 
product. They stated that the compound merely absorbed bromine at the ethylene 
linkage and that the bromine atoms were given up when the product was dried. They 
observed that under drastic conditions methyl groups were attacked, since the bromo 
derivatives yielded unsubstituted salicylic acid’ on hydrolysis. Brommination in carbon 
disulphide with a little iodine gave tribromo and tetrabromo derivatives to which they 
did not assign definite constitutions. Arndt e! al. (Ber., 1925, 58B, 1612) obtained 
a 3-bromo derivative on bromination of chromone. 

The present work deals with the bromination of 7-hydroxy- and 5-hydroxy-2-methyl- 
chromones. 7-Hydroxy-2-methylchromone, with one mole of bromine, gave a mono- 
bromo derivative. This on nitration gave a mononitro compound which on alkaline 
hydrolysis gave 5-nitro-3-bromoresacetophenoné, previously obtained by Merchant and 
Jadhav (this Journal, 1951, 28, 267) by the bromination of 5-nitroresacetophenone. 
Hence, the nitro compound must be 7-hydroxy-2-methyl]-6-nitro-8-bromochromone and 
the monobromo derivative of 7-hydroxy-2-methylchromone is 7-hydroxy-2-methyl- 
8-bromochromone. 

With two moles of bromine, 7-hydroxy-2-methylchromone afforded a dibromo deriva- 
tive to which the structure of 7-hydroxy-2-methyl-6:8-dibromochromone has been 
assigned as it yielded, on alkaline hydrolysis 3:5-dibromoresacetophenone, previously 
obtained by Dalise (Ber., 1908, 41, 1621) by the bromination of resacetophenone. 

With excess of liquid bromine 7-hydroxy-2-methylchromone gave a tribromo deri- 
vative which, on alkaline hydrolysis, gave a pasty mass from which no pure product 
could be isolated. The tribromo compound may be 7-hydroxy-2-methyl-3 (?) : 
6:8-tribromochromone. 

5-Hydroxy-2-methyichromone gave a monobromo derivative which on nitration 
gave a mononitro’compeund. ‘This was found to be different from the monobromo 
product of 5-hydroxy-2-methyl-8-nitrochromone. Both these compounds on alkaline 
hydrolysis gave 2:6-dihydroxy-3-nitro-5-bromoacetophenone, which was also obtained by 








494 R. M. NAIK AND 8. SETHNA 


the bromination of 2:6-dihydroxy-3-nitroacetophenone. Hence, the monobromo produc 
of 5-hydroxy-2-methyl-8-nitrochromone must be 5-hydroxy-2-methyl-6-bromo-8-nitro- 
chromone and the mononitro compound of the monobromo product from 5-hydroxy-2- 
methylchromone must be 5-hydroxy-2-methyl-6-nitro-8-bromochromone. The mono- 
bromo deritative of 5-hydroxy-zmethylchromone must therefore be 5-hydroxy-2-methy]l- 
8-bromochromone. 

With two moles of bromine, 5-hydroxy-2-methylchromone afforded a dibromo deri- 
vative to which the structure of 5-hydroxy-2-methyl-6:8-dibromochromone has been 
assigned, asit yielded on alkaline hydrolysis, 2:6-dihydroxy-3:5-dibromoacetophenone 
which has also been obtained by the bromination of 2-acetylresorcinol with two moles 
of bromine. 

With excess of liquid bromine, 5-hydyoxy-2-methylchromone gave a tribromo 
derivative which did not give a definite product on hydrolysis with alkali. This tri 
bromo compound inay be 5-hydroxy-2-methyl-3 (?) .6:8-tribromochromone. 

The action of nitric acid on 5-hydroxy-2-methyl-6:8-dibromochromone has been 
studied and it is found that the bromine atoms are progressively replaced by the nitro 
groups. 5-Hydroxy-2-methyl-6:8-dibromochromone afforded 5-hydroxy-2-methyl-6- 
nitro-8-bromochromone with acetic acid and nitric acid at room temperature, and 
5-hydroxy-2-methy]-6:8-dinitrochromone with acetic acid and nitric acid at 100°. 2:6- 
Dihydroxy-3:5-dibromoacetophenone gave 2:6-dihydroxy-3-nitro-5-bromoacetuphenone 
on treatment with a mixture of acetic acid and nitric acid at 0°. The action of nitric 
acid on 7-hydroxy-2-methy1-6:8-dibromochromone was also studied but the bromine 
atoms were not replaced as readily as in the above case and products with wide melting 
ranges were obtained under different conditionS. 


ExPERIMENTAL 


7-H ydroxy-2-methyl-8-bromochromone.—7-Hydroxy-2-methylchromone (1.76 g.), 
prepared according to Kostanecki and Rozycki (Ber., 1901, 34, 106), was dissolved in 
minimum quantity of hot acetic acid, and bromine (1.6 g., 1 mol.) in acetic acid (16 c.c.) 
added to the hot solution. The reaction mixture was then allowed to stand at room 
temperature for 5 hours. The crystals which separated were recrystallised from excess 
of alcohol in brown prisms, m.p. 260-61° (decomp.). (Found: Br, <1.3. CyoH,O;Br 
requires Br, 31.6 per cent). 

It dissolves in alkali giving a light yellow colour. It does not give any fluorescence 
with sulphuric acid but gives a deep yellow coloration. It gives a faint brown colour 
with alcoholic ferric chloride. 

7-Hydroxy-2-methyl-6-nitro-8-bromochtomone.—A cookd mixture of sulphuric 
acid (ro c.c.) and nitric acid (10 c.c., d 1.42) was added to 7-hydroxy-2-methyl]-8-bromo- 
chromone (2 g.), and the reaction mixture left at o° for 3 hours. It was then poured 
into crushed ice, and the yellow product which separated, was crystallised from acetic 
acid in thin yellow prisms, m.p. 211-12°. (Found: Br, 26.4. C,.H,O;NBr requires 
Br, 26.6 percent). It gives a yellow sodium salt with cold alkali. It gives a brown 
coloration with alcoholic ferric chloride. 
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5-Nitro-3-bromoresacetophenone. — 7-Hydroxy - 2-methy1l-6-nitro-8-bromochromone 
(2 g.)was heated on a steam-bath with sodium hydroxide solution (40 c.c., 10%) for 2 
hours. ‘The solution was cooled, acidified. and the substance which separated was crys- 
tallised from rectified spirit in light yellow needles, m.p. 181-82°. This product did not 
depress the melting point of 5-nitro-3-bromoresacetophenone, prepared according to Mer- 
chant and Jadhav (loc. cit.) by the bromination of 5-nitroresacetophenone. 


7-H ydroxy-2-methyl-6:8-dibromochromone.—7-Hydroxy-2-methylchromone (1.76 g.) 
and fused sodium acetate (1.76 g.) were dissolved in minimum hot acetic acid, and 
bromine (3.2 g., 2 mols.) in acetic acid (32 c.c.) added to the hot solution. The 
crystals which separated on keeping overnight at room temperature, were recrystallised 
from acetic acid in thin brown plates, m.p. 246-47”. (Found: Br, 45.3. C,.H.O;Br, 
requires Br, 47.9 per cent). The product gives an insoluble sodium salt with cold alkali 
but dissolves on warming. It does not give fluorescence with sulphuric acid but gives 
a deep yellow colour and it gives a brown coloration with alcoholic ferric chloride. 


3:5-Dibromoresacetophenone.—7-Hydroxy-2-methyl-6:8-dibromochromone (2 g.) was 
heated on a steam-bath with sodium hydroxide solution (50.0 c.c., 5%) for 2 hours. 
The solution was cooled, acidified and the pasty product which solidified on keeping, 
was crystallised from rectified spirit (charcoal) in thin white prisms, m.p. 172-73°. It 
did not depress the melting point of 3:5-dibromoresacetophenone, prepared according 
to Dahse (loc. cit.) by the bromination of resacetophenone. 


7-Hydroxy-2-methyl-3(?) :6:8-tribromochromone.—Liquid bromine (6 c.c., excess) 
was added to 7-hydroxy-2-methylchromone (2 g.) placed in a flask. There was copious 
evolution of hydrogen bromide fumes. The mixture was then kept overnight, treated 
with excess of saturated sodium bisulphite solution and the product obtained was crys- 
tallised from acetic acid in thick brown needles, m.p. 237-38°. (Found: Br, 57.9. 
C,,H;O;Br; requires Br, 58.1 per cent). It givesalight yellow sodium salt with cold 
alkali. It gives no fluorescence but only a yellow colour with H,SO,. It gives a brown 
coloration with alcoholic ferric chloride. 

Attempted Hydrolysis of 7-hydroxy-2-methyl-3(?): 6:8-tribromochromone.—The 
tribromochromone (2 g.) was refluxed with sodium hydroxide solution (60 c.c., 10%) 
for 3 hours. ‘The dark solution obtained was cooled, acidified and the black product 
separating was extracted with ether and the ether evaporated when a pasty mass 
was obtained which could not be purified. 


5-H ydroxy-2-methyl-8-bromochromone.—5-Hydroxy-2-methylchromone (1.76 g.) was 
dissolved in minimum quantity of hot acetic acid, and bromine (1.6 g., 1 mol.), 
dissolved in acetic acid (16 c.c.), added to the hot solution. ‘The reaction mixture was 
then left overnight at room temperature, diluted with water and the product obtained was 
crystallised from absolute alcohol in thin brown needles, m.p. 140°. (Found : Br, 31.3. 
C,.H,O;Br requires Br, 31.6 per cent). It gives a violet coloration with alcoholic ferric 
chloride. Pale yellow sodium salt separated out on treating with alkali. 


5-H ydroxy-2-methyl-6-nitro-8-bromochromone.- To a solution of 5-hydroxy-2- 
methyl-8-bromochromone (1 g.) in acetic acid (10 c.c.) cooled to 0°, nitric acid (5 c.c., 
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d 1.42) was added dropwise and the reaction mixture left at 0° for 2 hours. ‘he crystals 
which separated were recrystallised from acetic acid in thin yellow prisms, m.p. 209°. 
(Found : Br, 26.8. C,,.H«O;NBr requires Br, 26.6 per cent). The filtrate on dilution 
with water geve a further quantity of the same product. It gives a blood-red coloration 
with alcoholic ferric chloride and an insoluble yellow sodium salt separates on treatment 


with alkali. 


2:6-Dihydroxy-3-nitro-5-bromoacetophenone.—5-Hydroxy-2-methyl-6-nitro-8-bromoch- 
romone {1 g.) was refluxed with sodium hydroxide solution (50 c.c., 10%) for 2 hours. 
The solution turned orange-red; a part of the insoluble sodium salt which separated in 
the beginning did not go into solution till the end. The solution was filtered hot and 
the filtrate acidified. The product obtained was crystallised from rectified spirit in 
shining yellow flakes, m.p. 127-28°. Mixed melting point with 2:6-dihydroxy-3-nitro- 
5-bromoacetophenone, prepared as below, was not depressed. 


2:6-Dihydroxy-3-nitroacetophenone (0.2 g.), prepared according to Naik et al. 
(under publication) by the nitration of 2-acetylresorcinol, was dissolved in acetic acid 
(x c.c.), and bromine (0.17 g.), dissolved in acetic acid (1.7 c.c.), added tothe hot 
solution. The reaction mixture was left at room temperature for 2 hours, and then 
diluted with water and the yellow product which separated was crystallised from rectified 
spirit in fine yellow flakes, m.p, 128°. (Found: Br, 28.6. C,H,O;NBr requires Br, 29.0 
per cent). It dissolves in alkali to give an orange-yellow solution ; it is sparingly soluble 
in water and gives a blood-red coloration with alcoholic ferric chloride. 


5-H ydroxy-2-methyl-6-bromo-8-nitrochromone.—s5-Hydroxy-2-methyl-8-nitrochromone 
(1.1 g-), prepared according to Naik et al., by the nitration of 5-hydroxy-2-methyl- 
chromone, was dissolved in acetic avid (10 cc.), and bromine ‘0.8 g.), dissolved 
in acetic acid (8 c.c.}, added to the hot solution. The reaction mixture was then 
left at room temperature for 5 hours. The solution was diluted and the substance 
which separated was crystallised from acetic acid in thin yellow flakes, m.p. 148-49°. 
‘Found: Br, 26.8. C,,.H,O;NBr requires Br, 26.6 percent). It gives a blood-red 
coloration with alcoholic ferric chloride and an insoiuble sodium salt separates on 
treatm.:s* with alkali. 

‘Tiss «dove chromone (1 g.) was refluxed on a wire gauze with sodium hydroxide 
solution (25 c.c., 10%) for 2 hours. The reaction mixture was cooled, acidified and 
the product separating, on crystallisation from rectified spirit in thin yellow flakes, 
did not depress the mixed melting point of 2 :6-dihydroxy-3-nilro-5-bromoacetophenone, 


prepared as above. 


5-Hydroxy-2-methyl-6:8-dibromochromone .—5-Hydroxy-2-methylchromone (1.76 g.) 
was dissolved in acetic acid (5 c.c.), and bromine (3.2 g., 2 mols.), dissolved in acetic 
acid (32 c.c.), added to the hot solution. ‘The reaction mixture was then left at room 
temperature for 5 hours. Brown crysials separating were recrystallised from acetic 
acid in thin brown needles, m.p. 199°. ‘Found: Br, 48.2. C,,H,OsBr. requires Br, 47.9 - 
per cent). It gives a violet coloration with alcoholic ferric chloride and gives an insoluble 
sodium salt on treatinent with alkali. 
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2:6-Dihydroxy-3:5-dibromoacetophenone.—5-Hydroxy-2-methy]-6:8-dibromochromone 
(rt g.) was refluxed with sodium hydroxide solution (40 c.c., 10%) for 3 hours. The 
solution was cooled, acidified and the product which separated was crystallised from 
acetic acid (charcoal) in thin yellow needles, m.p. 171-72°. Mixed melting point with 
2:6-dihydroxy-3:5-dibromoacetophenone, prepared as given below, was not depressed. 


2-Acetylresorcinol (1.5 g.) was dissolved in acetic acid (3 c.c.), and bromine (3.2 g.) 
in acetic acid (32 c.c.) added to the hot solution. ‘The yellow needles separating 
were recrystallised from acetic acid in thin pale yellow needles, m.p. 173°. (Found: 
Br, 51-3- CsH,O;,Br, requires Br, 51.6 per cent). It gives a bluish violet colour with 


alcoholic ferric chloride and dissolves in aikali. It slowly distills over with steam. 


5-Hydroxy 2-methyl-3 (?): 6:8-tribromochromone.—Ljiquid bromine (6 c.c., excess) 
was added to 5-hydroxy-2-methylchromone (2 g.), placed in a flask. There was copious 
evolution of hydrogen bromide fumes. ‘The reaction mixture was then left overnight, 
treated with a saturated sodium bisulphite solution, and the product obtained was crys- 
tallised from acetic acid in yellow prisms. m.p. 180°. (Found: Br, 58.4. CroHs,O;Brs 
requires Br, 58.1 percent). It givesayreenish blue coloration with alcoholic ferric 
chloride and gives an insoluble sodium salt on treatment with alkali. 


Attempted Hydrolysis of 5-Hydroxy-2-methyl-3 (?) : 6: 8-tribromochromone.—5- 
Hydroxy-2-methyl-3 (?):6:8-tribromochromone (1 g.) was refluxed with sodium hydroxide 
(60 c.c., 10%) for 6 hours. Insoluble sodium salt, which separated, did not go into 
solution on long boiling. The solution turned violet. ‘The reaction mixture was filtered 
hot and the filtrate acidified. A black product obtained on cooling, was refluxed repeated- 
ly with acetic acid (charcoal) for 2 hours, but no pure product could be isolated. Similar 
hydrolysis experiments with the addition of alcohol and pyridine were carried out. The 
resulting black mass did not give any definite product. 


Action of Nitric Acid on 5-Hydroxy-2-methyl-6:8-dibromochromone at Room Tem- 
perature.—5-Hydroxy-2-methyl-6;:8-dibromochromone (1 g.) was dissolved in acetic acid 
(15 c.c), and nitric acid (5 c.c., d 1.42) was slowly added. The reaction mixture was 
shaken so as to dissolve the product and the homogeneous solution was left overnight 
at room temperature. It was then diluted with water. The pasty substance solidified 
on keeping. It was crystallised several times from acetic acid, when finally thin yellow 
prisms, m.p.. 207-8° were obtained. Mixed melting point with 5-hydroxy-2-methyl-6- 


nitro-8-bromochromone (m.p. 209°), prepared before, was not lowered. 


Action of Nitric Acid on 5-Hydroxy-2-methyl-6:8-dibromochromone at 100°.— 
The dibromochromone (1 g.) was dissolved in acetic acid (10 c.c.) and nitric acid {5 c.c., 
d 1.42) was added. The reaction mixture was then heated on a water-bath for half an 
hour and poured into ice-cold water. The product separating was repeatedly 
crystallised from acetic acid when finally thin pale yellow plates, m.p. 204-5° were 
obtained. It depressed the melting point of 5-hydroxy-2-methyl-6-nitro-8-bromochro- 
mone to 185-87°, but mixed melting point with 5-hydroxy-2-methyl-6:S-dinitrochromone, 
m.p. 205°, was not depressed. 
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Action of Nitric Acid on 2:6-Dihydroxy-3:5-dibromoacetophenone at 0°.—Nitric 
acid (5 c.c., d 1.42) was added toa solution of 2:6-dihydroxy-3:5-dibromochromone in 
acetic acid ‘10 c.c.), conied to o° and the reaction mixture was kept at o° for half an 
hour. It was then diluted with water and the product separating, was crystallised 
from rectified spirit in thin yellow plates, m.p. 127-28°. Mixed melting point with 
2:6-dihydroxy-3-nitro-5-bromoacetophenone, obtained above, was not depressed. 
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5:6-BENZOQUINALDINIC ACID AS AN ANALYTICAL REAGENT. 
PART II. ESTIMATION OF CADMIUM AND ITS 
SEPARATION FROM CUPPER 


By ANti KUMAR MAjcuMpAR AND ANIL KuMAR Dkr 


The reagent 5 : 6-benzoquinaldinic acid may be used for the estimation of cadmium and for its separa- 
tion from copper. Cadmium is completely precipitated over the pa range 3.12 to 9.40, the point of 
incipient precipitation for cadmium being at about fu 2.0 Copper can be separated from cadmium 
at a fu lower than 1.85 and higher than 0.82, and the cadmium is estimated in the filtrate. Cadmium 
has been estimated in the presence of acetic acid and mineral acids and ammonia. The cadmium salt 
precipitated between the fx 3.12 and 3.85 is highly crystalline, that over 3.85 is less so and retains 
1.5 to 2moles of water. When dried at a temperature over 165°, the water is eliminated giving an 
anhydrous salt. Thus, the cadmium salt, when precipitated over the pa range 3.12 to 3.85, may be dried 
either at 105°-110° and weighed as Cd (CjgHgNOz,)e, 1.5 HgO or at 125°-130° and weighed as Cd(C)4Hg- 
NO,\g; but when precipitated at a pu higher than 3.85, it should be dried at a temperature over 165° and 
weighed as the anhydrous salt : 


In a previots communication (Majumdar and Mallick, this Journal, 1952, 29, 255) 
it was shown that 5:6-benzoquinaldinic acid could be used as a reagent for the estima- 
tion of copper and its separation from magnesium, calcium, strontium, barium, phos- 
phate, arsenite, arsenate, citrate, tartrate etc., and that copper could be estimated at a 
fu range of about 0.82 to 9.40. It wasalso found that other bivalent elements were 
precipitated by this reagent under different px conditions. 


Further to their ovservations regarding the reactions of the metal ions with the 
reagent, we have found that the precipitates due to ferric salt, aluminium, chromium, 
antimony “, bismuth “’, uranium (UO}3*), lanthanum, tin ‘"’, thorium, zirconium 
etc., are freely sojuble in dilute acids excepting that of chromium which is sparingly 
so in fairly strong acids. From an ammoniacal tartrate solution they are not precipi- 
tated at all. Beryllium, lithium and thallous salts are soluble in dilute acids and 
in hot water like that of barium, calcium and strontium, Vanadate, tungstate and 
molybdate are not precipitated by the reagent from an alkaline solution, but in presence 
of an acid they give yellowish white precipitates which are sparingly soluble in excess 
of dilute acids. 


With the object of utilising the reagent 5:6-benzoquinaldinic acid for the estima- 
tion of cadmium and, if practicable, its separation from copper, the present investiga- 
tion on the study of the px ranges over which cadmium can be accurately estimated 
and the effect of temperature on the cadmium salt precipitated under different fx 
conditions, has been undertaken. Cadmium, thus, is found to be completely precipi- 
tated over the pu range 3.12 to 9.40 and that it can be estimated gravimetrically in 
the presence of mineral acids, acetic acid and ammonia. The cadmium salt precipi- 
tated at a pu range of 3.12 to 3-35 is highly crystalline. At a px lower than 3.12, 
cadmium is incompletely precipitated due to solubility ; the point of incipient preci- 
5—1801P—7. 
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pitation from hot solution being at about the px 2.0. At px higher than 3.85, the 
precipitate is not very crystalline due perhaps to its hydrous nature and retains water 
even when dried at 125°-130°. For the separation of copper from cadmium, copper 
is precipitated at a fu lower than 1.85 and higher than 0.82, and the cadmium is esti- 
inated in the filtrate. 

The cadmium salt when precipitated over the fu range of 3.12 to 3.85 is of com- 
position Cd(C,,H;NO,)., 1.5 H,O at 105° to rro° and of composition Cd(C,,H,NU:2). 
at 125° to 130°. But when precipitated at a px higher than 3.85, the cadmium salt 
should be dried at a temperature over 165° when it loses water completely and weighed 
as the anhydrous salt. The salt at higher px contains 1.5 to 2 molecules of water 
when dried at 125°-130°. 


ExPERIMENTAL 


Chemicals used were all of reagent quality. Reagents were: ‘1t) a solution of 
sodium benzoquinaldinate (1 g. of the benzoquinaldinic acid of m.p. 187° per 100 c.c. 
of the solution), (2) sulphuric acid of different normalities, (3) acetic acid (1:1), (4) 
dilute ammonia (2N). 

Cadmium nitrate solution was prepared by dissolving cadmium nitrate (Merck & 
Co., N.J.) in water containing a few c.c. of conc. nitric acid (pro-analysi) and making 
up to a definite volunie. The cadmium content per c.c. of this solution was determined 
as sulphate. 

Cadmium sulphate solution was prepared by dissolving cadmium sulphate ‘AnalaR) 
in water with a few drops of conc. sulphuric acid (pro-analysi). The cadmium content 
of the solution from a definite volume was estimated in the same way as mentioned 
above. 

Copper sulphaté solution was prepared and standardised in the same way as men- 
tioned in an earlier paper (Majumdar and Mallick, loc. cit.). 


Preparation and Composition of the Cadmium Salt of 5:6-Benzoquinaldinic Acid 


A solution of cadmium sulphate was acidified with an excess of 2 c.c, acetic acid 
and diluted to about 300c.c. The solution was heated to boiling and from this hot 
solution the cadmium salt was precipitated with stirring by the dropwise addition of 
an excess of the sodium benzoquinaldinate solution. The cadmium salt after digestion 
in the hot solution for a while was allowed to settle, filtered and washed with hot 
water, then with a few c.c. of alcohol and again with hot water and dried at 105°-110°. 

To determine the composition, a weighed amount of the cadmium salt was taken 
in a Kjeldahl flask (50c.c.) and decomposed first with conc. nitric acid (pro-analysi), 
then with a mixture of conc. sulphufic (pro-analysi) and perchioric (72%, Judex) acids 
in the ratio of 1:2. The product was then fumed and transferred with water when 
cold into a weighed porcelain crucible where the cadmium was determined as anhydrous 


cadmium sulphate. 


Wt. of Cd salt. Wt. of CdSO,. %, Cadmium. 


; ss I. 0.2817 g. © 1002 g. 19.22 
2. 0.2821 0.1c06 _ 19.23 











tk 
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The formula of the cadmium salt dried at 105°-110° may thus be suggested as 
Cd(C,,H,NO,)2, 1.5 H,O which requires Cd, 19.27%. ‘This may be represented as 


ana CH 
| 
li 
44 a 1.5 H,O 
N O 
~~ of 
. 


The cadmium salt loses water up to 122°, when it forms an anhydrous salt which 
is stable up to 269°. Ata still higher temperature the salt decomposes (Clement Duval 
of Sorbonne, Paris, private communication). 

The cadmium salt dissolves in higher concentrations of mineral acids and acetic acid 
but it decomposes when heated with strong mineral acids. It is soluble in the cold in a 
strong ammonia solution, in cyanide and insoluble in organic solvents such as ethyl 
alcohol, amyl alcohol, ether, benzene, carbon tetrachloride, CS, etc. 

Precipitation Limit for Cadmium.—The precipitation limit for cadmium was found 
in the same way as in the case of copper (Majumdar and Mallick, loc. cit.). Distinct 
precipitates were observed up to one part in one million parts. 

Effect of Temperature on the Cadmium Salt of the Reagent.—A weighed amount 
of the cadmium salt, prepared according to the method given above, was dried at 105°- 
110° till a constant weight was obtained and estimated as cadmium sulphate (anhydrous) 
in the same way as described above. A second portion of the weighed cadmium salt 
was dried first at 105°-r10°, and then at 125°-130° till constant weights were obtained; 
the loss in weight thus found was noted. The cadmium content of the salt dried at 
125°-130° was then determined as anhydrous cadmium sulphate. 


TABLE I 


Analysis of cadmium salt. 


Dried at 105°-110°. Dried at 125°-130°. Loss in wt. of Cd salt. 
Wt. of Cd Wt of % Cd. Wt. of Cd Wt of % Cd. Wt. of Cd salt at Loss in 
salt. Cd SO,j. salt CdSO,. 105-110". 125-130". wt. 
0.2234 g. 0.0797 g.- 19-24 0.2076 g. 0.0778 g 20.20 0.2250 g 0.2148 g 4.53% 
0.2668 0.0951 19.23 0.1883 © 0703 20.13 0.2C00 © 1997 4.65 
Cd(CygHgNOg)s, 1.5 H,O Cd (CygHsNOo), 
requires Cd, 19.27%. requires Cd, 20.20%. 


Thus, if the cadmium salt dried at 105°-110° is of composition Cd(C,,HsNOs,)a, 1.5 
H.O and _ becomes anhydrous of composition Cd‘C,,H,;NO.). when dried at 125°-130°, 
the loss of water should be 4.63%, which is in conformity with the experimentai results. 
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To verify the above findings a few cadmium determinations were made according 
to the procedure given below. Here the salt was dried first at 70°-75°, mext at 105°- 
110° and finally at 125°-130°. The results are shown in Table II. 


Tasie II 
Dried at 70°-75°. Dried at 1 5°-110°. Dried at 125°-130°. 

Cd Cd Cd Compn. Cd Cd Compn. Cd Cd Compn. 

taken. salt. found. salt f. und. salt. found. 
12.62 mg. 66.0 mg 12.72 mg. = 65.60 mg 12.64 mg. r 62.40 mg. 12.60 mg. > 
12.87 67.0 12.91 c 66.80 12.87 ©. 63.80 12.89 S 
e ZO = ZC a 4 
17.67 92 0 17.73 ao 'Z, 91 80 17.€9 os 87.70 17.72 2 
25 24 131.20 25.28 co 131.30 25.26 25 125 10 25.27 = 
42.91 223.60 43.09 On, 223.00 42.97 On 213.20 43-07 v 
s) ~ =) 
1s) Oo oO 


Analytical Procedure: Estimation of Cadmium.—The solution containing cadmium 
was neutralised with diiute ammovia, using Wesslow’s indicator, acidified with an excess 
of 2¢.c. of acetic acid or sulphuric acid ‘N/10), and diluted to about 200 c.c. This was 
then heated and to the boiling solution was added dropwise with stirring a few c.c. of 
the sodium benzoquinaldinate solution till the precipitation was complete. The mixture 
was boiled with stirring for a few minutes more, allowed to settle, filtered on a Gooch 
crucible, washed with hot water and, if so required, with a few c.c. of alcohol in which 
the reagent was found to be highly soluble, and again with hot water. The cadmium 
salt was dried either at 105°-110° and weighed as Cd(C,,HsNO,)., :.5 H.O (factor 
0.1927), or at 125°-130° and weighed as Cd‘C,,H,NO,), (factor 0.2020). The results 
are given in Table iJ1; the cadmium salt in each case was dried at 105°-110°. 


TABLE III 
No. Cd Reagent Acetic Sulphuric Cd salt. Cd Error. 
taken. solution. acid (1:1). acid (N/10) found. 
I 12.62 mg. 6.25 c.c 2 C.c. — 65.80 mg. 12.68 mg. +0.06 mg. 
2 17.67 8.75 2 _ 91.80 17.69 +0.02 
3 25-24 12.50 2 —_ 131.20 25.28 +0 02 
4 37.86 18.75 2 —_ 196.10 37-79 —0.07 
5 42 91 21.25 2 — 223.00 42.97 +0 06 
6 50.48 25-00 2 — 262.50 50.58 +0 Io 
7 12.62 6.25 _ 2 C.c. 65.30 12.58 —0 04 
8 25.24 12.50 2 131.20 25.28 +0.04 
9 37.86 18.75 — 2 196.09 37 78 —0.08 


tudyS of pu ranges.—Here the method followed was the same as given under the 
analytical procedure for the determination of cadmium. The amount of acetic acid or 
sulphuric acid and the quantity of the reagent solution were varied to obtain different px 
ranges. For higher pu regions the cadmium solution was tréated with an excess of 
ammonia before diluticn and precipitation. ‘The filtrate from cadmium precipitation 
was used for the measurement of px by Beckman ps meter. The results are recorded in 


Table IV. 
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TABLE IV 
No. Cd Acetic N/10- Reagent Pu. Drying. Cd salt. Cd Error. 
taken. acid H,SO,. _ soln. temp. found. 
(1:1), 
I 40.56 mg. 1 C.c. — 20.€.C. 5-72 1¢5°-110° 211.00 mg 40.66mg +0.10 mg. 
2 27-42 2 _ 14 3-50 ” 142.50 27.46 +0.04 
3 50 48 3 -~ 25 323 on 262 40 50.38 +.10 
4 50.48 4 -- 25 3.12 - 261,10 50 31 —O17 
5 50 48 5 a 25 292 o” 253-60 48.87 —1.61 
6 50.48 6 — 25 2.78 ée 246.80 47-55 —293 
7 27-42 Just -- 14 5-55 125°-130° 143.20 28.93 +1.51 
acidic 
8 25 24 — 1 ¢.c. 12.50 3-65 105°-110° 131.20 25.28 +004 
9 25.24 _ 2 12.50 3-43 ” 131.20 25.28 +0.04 
io 252 — 3 12 50 321 - 130 60 25.16 —0.08 
11 25 24 — 4 12.50 2.92 ~ 130.20 25 08 —0.16 
12 25-24 -- 5 12.50 2 76 a 125.00 24.08 —1 16 
13 1371 — 0.5 7-0 3-85 125°-330° 68.20 13.78 +0.07 
14 13-7 — O.1 70 4.18 9 69.00 13 94 +0.23 
15 13-71 _ 0 025 7.0 1 85 9” 71.20 14.38 +0.67 
1€ 1371 — Just 7.0 5-52 , 71.60 14.46 +0.75 
acidic 

17 1371 ~ 9 7-0 6.26 ws 72.30 14.60 +0.89 
18 13-71 —_ a. 7.0 6 65 * 72.60 14.67 +0.96 
19 1371 _ _ 7.0 6 30 - 71 20 14.38 +0.67 
20 13-71 — _ 7.0 8.70 = 72.2) 14.58 +0.87 
21 13.71 — ~ 7.0 9.35 * 72.60 14.67 +0 96 


Nos 17 and :8 contained 2 g. and 4 g. of sodium acetate respectively. 


From the above results it can be inferred that the cadmium can be estimated over 
a region of 3.12 to 3.85 pu and the high results at px higher than that may be due either 
to the adsorption of the reagent or to the retention of water by the cadmium precipitate 
even when drizd at 125°-130° because of its hydrous nature. 


To verify whether the high results were due to adsorption, some experiments were 
performed by increasing the quantitY of the reagent and the amount of cadmium (see 


Table V). 





504 A. 

No. Cd taken. N/10-H,SO,. 
I 13.71 mg. 2¢-¢ 

2 13-71 2 

3 27 42 2 

4 27-42 2 

5 13-71 0.025 

6 13-71 0.025 

7 27.42 © 025 

8 27-42 0.025 

9 13.71 Just acidic 
10 13.71 Pr 
11 27.42 ” 
12 27.42 
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Drying temp. = 125°-130°. 


Reagent 
soln. 


15 c.c. 
21 


14 
28 


pu. 


3-60 
3-72 
3-65 
3-75 
5-10 
5.20 
4.88 
5.00 
5-65 
5-78 
5°50 
5-65 


Cu salt. 


68.00 mg. 
68.30 
135-80 
136.3c 
71 4c 
71 60 
142.00 
142.20 
71 80 
72.20 
142.80 
143-20 


Cd 
found. 
13-74 mg. 
13.80 
27-43 
27 53 
14-42 
14.46 
28.69 
28 72 
14 51 
14.58 
28.85 
28.93 





Error. 


+9.02 mg. 
+¢.09 
+0.01 
+0.12 
+0.71 
+0.75 
+1.27 
+1 31 
+0.80 
+0.87 
+1.43 
+1.51 


No relation between the amount of cadmium taken, the excess reagent added and the 
high results obtained can be found from the results in Table V. That the high results 
are not due to the adsorption of the reagent but due to the retention of water by the 
precipitate is apparent from the results in Table VI where it is shown that for accurate 
results the temperature of drying should be over 165°. 


Ne. Cd Reagent pu. 
taken. soln. 
I 13 77 mg. [ee 2.45 
2 13-71 7 4.50 
3 13-71 7 5.5c 
4 13.71 7 5-56 
5 1371 7 6.34 
6 13.71 7 6.40 
7 13.71 7 8.62 
8 13-71 7 9 28 
Incipient Precipitation 


TABLE VI 


Cadmium 


105°-110° 


71 00 mg 
73.60 
74 60 
75-30 
75-60 
75-00 
76.00 


"6 40 


salt dried at 


125-130° 170-175°. 
67.70 mg 67.70 mg. 
70.20 68.00 
71.00 67.90 
71.59 68.10 
72 00 68.00 
71.20 68.00 
72 40 67.80 
72 70 68 10 


Cd 
found. 
13.68 mg. 
13.74 
13.72 
13 76 
1374 
13-74 
13.70 


13.76 


Error 


— 0.03 mg. 
+0.03 
+0.01 
+0.05 
+0.03 
+0.03 
—0.01 


+0 05 


of Cadmium.—The point of incipient precipitatiou of 
cadinium was obtained by increasing the acidity of the cadmium solution with normal 
sulphuric acid during its precipitation by the reagent solution. 
in Table VII. 


The results are shown 
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TaBLe VII 


Drying temp. = 125°-130°. 


No Cd 1N-H,SO, Reagent pu. Cd salt. Cd found. 
taken. soln. 

I 12.62 mg. 1.9 C.c. 6.25 ¢.c. 2.40 5.50 mg 1.10 mg 
2 12.62 1.0 6.25 a 35.00 ¥ 10 

3 12.62 1.5 6 25 2.32 3.00 0.60 

4 12.62 2.0 6.25 2.25 1.20 0.24 

~ 12 62 2.0 6 25 — 2 80 © 60 

6 12.62 25 6.25 2 00 _ Negligible precipitate 
7 12.62 4.0 6.25 1.80 Nil =_ 

8 12.62 40 6.25 — 24 o 08 

9 12.62 20.0 6.25 1.10 Nil cae 
10 12.62 40 0 6.25 0 82 Nil -_ 


In experiments No. 2, 5 and 8, the cadmium precipitate after digestion for a few 
ininutes in the hot solution was cooled with stirring in an ice-bath, filtered and washed 
with cold water. 


Separation of Cadmium from Copper.—For the estimation and separation of copper 
and cadmium in presence of each other, the px of the solution containing both the copper 
and cadmium in different proportions was adjusted somewhere between 1.15 and 1.85 
so that cadmium could remain completely in solution while copper was precipitated with 
the reagent. Copper was estimated according to the method of Majumdar and Mallick 
(loc. cit.) and cadmium was determined from the filtrate and washings of the copper preci- 
pitate. The filtrate together with the washings was evaporated to a small volume (about 
50 c.c.), filtered and washed. ‘The solution, thus obtained, was diluted to about 200 c.c. 
to which were added a few drops of Wesslow’s indicator and heated to boiling. The hot 
solution was then neutralised with dilute ammonia after the addition of an excess of 
sodium benzoquinaldinate solution and acidified with 2¢.c. of N/1o sulphuric acid. 
The cadmium precipitate was then digested in the hot solution, filtered, washed, etc., 
as stated above. When the fx of the solution was raised over 1.85, cadmium was found 
to be co-precipitated. From the results (Table VIII) it is obvious that the separation is 
complete at a px lower than 1.85 and no confirmation of results at lower fx values down 
to 0.82 (pa of copper precipitation is 0.82 to 9.40) is required. 
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No 


™N 


II 


Metals taken. 
Cu 
Cd 
Cu 
Cd 
Cu 
Cd 
Cu 
Cd 
Cu 
Cd 
Cu 
Cd 
Ca 
Cd 
Cu 
Cd 
Cu 
Cd 
Cn 
Cd 
Cu 
Cd 
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Tasie VIII 


Drying temp. for copper salt = 105°-r10°. 


Drying temp. for cadmium salt 


5.045 mg. 


12.62 


10.09 
12.62 


nw 


an 
n> 


1 
1 
20 18 


12 62 


30.27 
6.254 


§.045 
50.48 


§ 045 
12 62 


§.045 
12.62 


5.045 
12.62 


5-045 
12 622 


5-345 
12.62 


1N-H,SO, . 
20 C.c. 


20 


20 
20 


20 


tion from cadmium is in progress. 
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Reagent 
soln, 


5 ¢.c. 


pu. 


1.15 


1.17 


1.18 


1.16 
1 46 
1.56 


185 


125°-130°. 


WI of 
salts. 


42.49 mg. 
62.40 
83.70 
62.40 


127 40 
62.63 


169.80 
62 40 


254.70 
39.90 


42 49 
249.So 


42-40 
62.30 


42.50 
62 20 
42.70 
62.10 


43.20 


43.10 
61 40 


Metals 
found. 


5.041 mg. 
12 60 


10.07 
12.60 


~~ ~ 

nv Oo nw 

n -~« or 
Q 85 ws 


~ 

O~ 
N 
> 
rs) 


C 


_ wn 
nw om 
nos: 
on SI 

~ a 


° 


Aun 
—_ 


~ 
nw 
ow 


wn 
~~ 
™N 


= 
naw 


mn 
~ 

Ww 
fea) 


5-125 
12 40 


Error. 


—0O 004 mg. 
—0.02 


—-0O 02 
—o 02 


+001 
+0.03 
+0 o1 
—0.02 


+0 01 
—0.012 


=O 004 
—0O OI 


—0.004 
0.04 


+0.009 


—0.05 


+0.032 
—0.08 


+0.091 


+0.083 
—0.22 


Further work on the methods for the estimation of othe: clements and their separa- 
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ON COMPOUND FORMATION BETWEEN SILICIC ACID AND 
HYDROCHLORIC ACID 


By HusskIn SADEK 


Pci measurements of sodium metasilicate—hydrochloric acid mixtures were carried out with the help 
of the silver chloride electrode in solutions containing about 0.15 mole SiO, per litre and a slight excess 
of hydrochloric acid over that required for the neutralisation process. The solutions contained mainly 
low-molecular silica as shown by ultrafiltration experiments. The results indicate a pronounced 
increase in Pcl values over those calculated on the assumption that the chloride ions are totally free, 
and nearer to those calculated on the basis of combination of one chloride ion (as HC!) to each SiO, 


molecule. A straight line relationship between p,1 and (1+log SiO,) was found. 
The relation: (Cl)obs [SiO,}4 = (Cl)fre: x 10735 was found to fit the experimental data. The 


results confirm the idea of compound formation between silica and hydrochloric acid. 


Mylius and Groschuff (Ber., 1906, 39, 116) were the first to draw attention to the 
fact that on adding an excess of acid to sodium metasilicate solution, low-molecular 
silica was readily formed. This work was extended by Willstatter, Kraut and Lobinger 
(Ber., 1928, 61B, 2462) who found that monosilicic acid was best obtained by the hy- 
drolysis of silicon tetrachloride provided that the bulk of hydrochloric acid was removed 
as soon as it was formed by silver oxide. The dissolved silicic acid possessed a mole- 
cular weight of 72-75. If, however, the free acid was not immediately removed, the 
solutions contained silicic acid of molecular weight 120-130 (Willstitter et al., Ber., 
1928, 61B, 22So). Similar observations were reported by Brintzinger and Troemer 
(Z. anorg. Chem., 1920, 181, 237), Kraut (Ber., 1931, 64B, 17090) and Gruner and Eléd 
(Z. anorg. Chem., 1932, 208, 317). The equilibrium conditions between low-molecular 
and highly aggregated silica in dilute solution was examined by Tourky (7. anorg. 
Chem., 1939, 240, 198) who found that low-molecular silica was stabilised in acid solu- 
tions of px value between rand 3. ‘The maintenance of a certain fx value was found 
to be not the only factor governing the stability of such solutions, since different acids 
showed specific effects. The stabilised solutions precipitated on ageing fibrillar struc- 
tures, while from other solutions flocks were obtained. Since silica is known to form 
stable complexes with acids such as molybdic, tungstic or hydrofluoric acid, the stabili- 
sation of silica in hydrochloric acid solutions was considered by Tourky to be akin to 
complex formation although he considered that his view should not be seriousiy taken 
as correct. 

The idea of compound formation between silica and hydrochloric acid was first 
reported by Karsten (Ann. Phys., 1826, 84, 351). The same conclusion was drawn by 
Jorids (Z. anorg. Chem., 1903, 34, 455) who considered silica as an ampholyte, since it is 
present as silicates in alkaline solutions, and in hydrochloric acid solutions it is present 
asa chloride. Moreover, Lésenbeck (Koll.-Chem. Beih., 1922, 16, 27) found that 
silicic acid, when added to hydrochloric acid, lowered its conductivity below that of hydro- 
chloric acid alone; the lowering was directly proportional to the silica concentration. 


6—1801 P—7. 
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He therefore concluded that chloride ions were bound to the sol. This view found 
partial support by the findings of Pauli and Valko (Kolloid Z., 1926, 38, 289) who used 
a Graham sol with the composition 


[(x SiO, + n H,O) y Si0,H7] + y HY’. 


Conductivity measurements were carried out on mixtures containing 90% of the 
sol and 10% HCl, and the results compared with solutions containing 10% HCl and 90% 
water. ‘They observed a decrease in the conductivity of the sol-acid mixture which was 
interpretted by the following reactions: 


[(sio,H~) + H*] + H* + Clim = [SiO,H.] + H*+CIr i... see (x) 
[SiO,H.] + H* + Ci- = [Si0,H*] + Cl + H,O es ee 
[Sio.H*] +.Ci- + H* + Ci- = [SiO,, HCI] + H* + ClI- ... . a 


The molecules between brackets indicate silicic acid molecules which are attached 
to the surface of the silica micelles. Reaction (1) represents the suppression of ionisa- 
tion of silicic acid, while reaction (2) shows the formation of a basic chloride. Reaction 
(3) represents the suppression of ionisation of the basic chloride. However, Gruner 
and Eléd (loc. cit.) showed that the px value of the acid solutions containing low- 
molecular silica decreased steadily with time indicating that hydrochloric acid was set 
free during the aggregation of silica. If the process of stabilisation of silica starts by 
the removal of hydrochloric acid from solution, as suggested in reaction (3), one should 
find a decrease in the chlorde ion activity below that of free hydrochloric acid, and that 
this decrease should be proportional to the silica concentration. As will be seen later, 
an increase in pc: values over those calculated for free hydrochloric acid was observed; 
a result which supports Pauli and Valko’s mechanism and confirms Lésenbeck’s con- 
clusions. The fact that silica in these solutions behaves as a non-electrolyte (Sadek, 
M.Sc. Thesis, Fouad I University, 1941; Tourky and Sadek, unpublished results) may 
be considered as a further evidence of the formation of complexes of unknown structure 
between silica and hydrochloric acid in the stabilised solutions. 


ExPERIMENLAL 


Sodium metasilicate solutions were prepared by dissolving pure silicic acid in car- 
bonate-free sodium hydroxide. The solutions were analysed before use for the ratio of 
Na,O: SiO,. The solutions containing low-molecular silica were always obtained by 
admixing quantities of the metasilicate solution to hydrochloric acid with continuous 
stirring. These solutions were about 0.15 molar with respect to SiO, and contained 
only a slight excess of acid over that required for the neutralisation process. 


The pci measurements were made with the help of the silver chloride electrode which 
was prepared according to a procedure similar to that of McInnes and Parker (J. Amer. 
Chem. Soc., 1915, 87, 1445). The other half-cell was a saturated calomel electrode. 
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l - : 

; Electrical connection between the two half-ceils was made by means of an ammonium 
nitrate - agar bridge. The silver chloride electrodes were checked in solutions of hydro- 
chloric acid of known activities. All measurements were made in a thermostat adjusted 
at 25° + o.01° and immediately after admixing the reagents. Equilibrium was always 
readily attained and the E.M.F. remained constant for about 30 minutes after which the 

: observed values began to change with time. 

! Table I shows the extent to which the silver - silver chloride electrodes were 

; behaving in standard hydrochloric acid solutions. 

TABLE I 
Molarity. at. pe! 
aia ci ~ Obs. 
Q.1 0.0814 1.089 1.091 
0.05 0.0430 1.367 1.380 
0.025 0.0228 1.643 1.670 
0.0125 0.0115 1.939 1.950 
TaBLe Il 


ba values of hydrochloric acid solutions containing low-molecular silica. 


Solution. Moles SiOz2/litre. Pal (obs.). Picl. . Pacle 
1 © 1646 0.907 0.539 0 799 
2 0.1624 0 869 0.528 0.766 
3 0.1602 0.832 0.517 0.735 
4 0.1582 o 808 0.505 0.718 
5 0.1561 0.760 0.498 0.707 
6 0.1541 0.722 0.486 0.684 


DISCUSSION 


The differences between the observed and calculated /.; values correspond to an 
error in the measured potential of about one millivolt which lies whithin the experi- 
mental error. Table II shows the pc values obtained from several measurements on 
mixtures of sodium metasilicate and hydrochloric acid, together with those calculated 
on the assumption that all chloride ions are free in solution {Pyci ). P.:1 values, however, 
represent the calculated values based on the combination of one chloride ion (brought 
as HC!) to each Si, molecule. The data in Table II and which are plotted in Fig. 1 
indicate that the measured p<. values are always higher than the f,. and nearer to 
the poi values. Ultrafiltration experiments on these solutions carried out with a high 
pressure apparatus and the Zsigmondy ultrafine filters, impermeable to Congo red, showed 
that silica in these solutions remained mainly iu a low-molecular form for a period longer 
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than six hours. The amount of silica retained by the ultrafilters within this period did 
not exceed 6- 8%. This leads to the conclusion that the results reported in Table IJ 
are not seriously vitiated by the presence of colloidal silica. 


Fig. 1 











(1 + leg $10,) 


Ordinate represents : 
Line I, por (obs.) ; line II, pgci; line III, p,ci values 


Plots of the above fc: values against (1 +log SiO,) gave straight lines as shown in 
Fig. 1. On comparing the slopes and intercepts of the lines corresponding to pa (obs.) 
and f,a , the following relation has been obtained: 


(Cl)obs [SiO.]* = (Cl)tree x 107 >" 


where the square brackets denote molar concentra‘ion and the normal brackets represent 
activities. Measurement of the fa value of the solutions by means of the glass electrode 
within the first four hours from admixing the reagents indicated an incease in pu in most 
cases which was followed by a slight decrease after a period of 24 hours. These results 
confirm the view that hydrochloric acid is removed from the solution in the early stages 
of the polymerisation process of silicic acid. The above experiments were repeated on 
more dilute solutions containing 0.025-0.001 mole SiO, per litre and showed a similar 
trend, but the differences between observed and calculated p,<1 values were less than one 
tenth of a pa unit. P 
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STUDIES ON THE SOL-GEL TRANSFORMATION OF THE FERRO 
AND FERRICYANIDES OF SOME METALS. PART I 


By S. SuLTAN ALI JEOFREY AND ABANI K. BHATTACHARYA 


Zinc ferrocyanide gel has been prepared by mixing various concentrations of the reactants at several 
temperatnres and the effect cf reactant concentrations on the stability of the zinc ferrocyanide gel has 
been studied. 


Extensive study has already been made on the formation of gels under different 
conditions and many have expressed their views on the mechanism of the gel structure. 
Yet the fact remains that it has not been possible to cover up the different types of 
gel formation and their stability and structure by one and the same theory. 

Kuhn (Kolloid Z., 1928, 40, 299) has observed in the case of silicic acid that there 
is no general rule for the in | uence of temperature on the phenomenon of syneresis and 
that the degree of syneresis varies with the dispersion medium, and with small amounts 
of additive agents. 


Ostwald (ibid., 1928, 45, 248) ascribed the formation of gel to falling of temperature, 
chemical reaction, coagulation and swelling. 


Prakash and Dhar ‘this Journal, 1929, 6, 390) studied gel formation of a fairly 
large number of metallic hydroxides and arsevates, molybdates, phosphates, tungstates 
and borates by measuring changes in viscosity with time. 


Flemming (Z. physikal. Chem., 1902, 41, 427) and Holmes (ibid., 1911, 22, 516), 
Fells Firth (ibid., 1925, 29, 243), Bunce (ibid., 1914, 18, 269), Kremmer (Colloid Symp. 
Monograph, Wisconsin, 1923, I, 66), Szvegri and Sahalek {Kolloid Z., 1923, 82, 318; 
38, 326) studied the temperature effect on gelation and observed no uniform rule to 
correlate the temperature with the rate of gelation. 


Prakash and Dhar made similar observations in that the temperature effect was not 
a general but a specific phenomenon in the setting of a particular kind of gel. 


Laing and McBain (J. Chem. Soc., 1920, 117, 1506) studied the conductivity and 
other physical properties during sol-gel transformation of various gel-forming systems 
and observed that in some cases there was no change in conductivity while in others 
marked change was observed. The literature on the formation of inorganic gels shows 
that sol-gel transformation has taken place mostly in the case of insoluble hydroxides 
of high valence metals and in the case of such insoluble compounds as contain complex 
radicals of high valency as_borates, tunugstates, molybdates, etc. It may be mentioned 
that no reference is found in the literature regarding the gel formation of metallic ferro- 
and ferricyanides which contain a high valence negative complex radical. 


It was therefore considered worthy of interest to study the physical properties 
such as viscosity, conductivity and fs during sol-gel transformation of the metallic 
ferro- and ferricyanides with special emphasis on the conductivity and viscosity. 
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In this paper our observations on the preparations of zinc ferrocyanide gel under 
various conditions of temperature and concentrations of the reactants have been incorpo- 
rated and discussed. The changes of conductivity during gel formation will be dis- 
cussed in Part IT of this series. 


Ex PERIMENTAL 


Potassium permanganate crystals ‘A. R.) were weighed to prepare N/1o solution. 
This solution was checked by titrating it against N/10 oxalic acid (A. R.). 

Pure potassium ferrocyanide crystals were dissolved in conductivity water, diluted 
ten times and standardised against the standard KMnQ, solution prepared (vide 
de Hain, Ann. Chem. Pharm., 90, 160). The strength of the potassium ferrocyanide 

. (original) was found to be M/1.56 or 236.09 g. per litre. 

Zine sulphate (A. R.) crystals were dissolved in conductivity water and its strength 
was standardised volumetrically and gravimetrically. To standardise its strength 
volumetrically a standard solution of potassium ferrocyanide containing 1% potassium 
ferrocyanide was prepared and diphenylamine was used as an internal indicator. The 
strength of original zinc sulphate solution determined by volumetric method was 1.24M 
or 164.6g. per litre. Zinc sulphate was estimated gravimetrically also as ziuc oxide 
and the strengths determined by both the methods were compared. 


Assuming that the reaction between zinc sulphate and potassium ferrocyanide 
takes place according to the following stoichiometric equation 


ZnSO, + K,Fe{CN), = K,ZnFe(CN), + K,SO, 


the volumes of the reactants have been calculated from their known strengths in order to 
prepare o.5 g. of zinc ferrocyanide. ‘The reactants were mixed in the ratios of ZnSO,: 
K,Fe(CN), as 1:1, 1:5/4, 1:5/8, 1:3/4, 1:2/3 and 1:1/2. The same experiments were 
repeated by reversing the order of mixing, that is, by adding the variable amounts of 
zinc sulphate to the fixed volume of potassium ferrocyanide in the ratios given above. 
The time of gelation was noted in each case at different temperatures and the influence 
of the concentrations of the reactants, zinc sulphate and potassium ferrocyanide, as well 
as of their order of mixing was carefully observed Ly means of a stop-watch. The tem- 
perature was controlled by means of a thermostat. 

lt was observed that when the reactants were merely mixed together without shaking 
with vigorous jerks, gelation was considerably delayed, so much so that the two reactants 
would remain as layers separated by a boundary film of zinc ferrocyanide for an inde- 
finite period. This was avery interesting behaviour observed as a preliminary to the 
study of the gel formation of zinc ferrocyanide. If a few strong shaking jerks are given 
to the mixed reactants immediately after mixing them, gelation starts. The gel remained 
stable for a longer time at lower temperatures although the formation of the gel took 
place even in a bath maintained at a temperature as high as 70°, when the reactants 
were of normal or higher strength. ‘The period of stability of the gels at different tem- 
peratures and on mixing the reactants in different molecular concentrations are given 
in the following tables. 
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TABLE I 


Variation in the stability of zinc ferrocyanide gal observed by adding different mole- 
cular proportions of potassium ferrocyanide to a constant quantity of zinc 
sulphate solution at different temperatures. 


Calc. wt. of K,ZnFe(CN), gel = 0.5 g. ZnSO,= 1.02 M or 164.6 g./litre. 
K,Fe/CN), = M/1.56 or 236.09 g./litre. 
Gel-formaticn starts immediately on shaking with jerks. 


Temp. Molar ratio Time of Molar ratio Time of Molar ratio Time of 
of ZnSO,: stability Temp. of ZnSO,: stability Temp. of ZnSO,: stability of 
K,yPe(CNig of the ge: K,Fe(CN)¢. of the gel KyFe(CN)¢ the gel. 

5° 1:1/2 17° 25° 1:2/3 24° 45° I 10" 
1:5/8 43° 1:3/4 38” 1:5/4 y 

1:2/3 74° I: 34° 
1:3/4 144° 1:5/4 30° 55° 1:1/2 3° 
1:1 126° ¢ ; 1:5/8 7 
1:5/4 109 35 1:1/2 7 1:2/3 8’ 
1:5/8 17° 1:°3/4 10° 
15° 1:1/2 14° . 1:2/3 20° Tir 7” 
1:5/8 24° 1:3/4 23° 1:5/4 4 

1:2/3 31° II 12° 
1:3/4 87’ 1:5/4 11" 65° 1:1/2 g 
I: 77° 1:5/8 4° 
1:5/4 72 4s° 1:1/2 6’ 1:2/3 4 
1:5/8 13° 1:3/4 5 
as° 1:1/2 12’ 1:2/3 14° 1) 4 
1:5/8 21° 1:3/ 16° 1:5/4 Sg 

TABLE IT 


Variations on the stability of zinc ferrocyanide gel observed by adding different 
molecular proportions of zinc sulphate to constant quantity of potassium 
ferrocyanide solution at different temperatures. 


Cale. wt. of zinc ferrocyanide gel = 0.5g. ZnSO, = 164 6g./litre K,Fe(CN),= 
M/1.56 or 236.09 g./litre. Gel-tormation starts immediate'y on shaking with jerks. 


Temp. Mol. ratio cf Time of Temp. Mol. ratio Time of Temp. Mol ratio Time of 
ZnSO, : st«bility of ZnSO, : stability of ZnSO, : stability 
KyFe (CN)¢. of the gei. KyFe (CN)¢ of the gel K,yFe(CN)¢. of the gel 
- 1:5/8 105" 25° 1 :3/4 21" 45° 1:5/4 17’ 
1 :2/3 111° I: 34 1:2 8’ 
1:3/4 118’ 1:5/4 53 
gin 126’ 1:2 16’ 55° 1:5/8 3 
1:5/4 134° 1 2/3 4 
ata 31 35° 1:5/8 6’ 1 33/4 5 
1 :2/3 7 I:t 9° 
15° 1:5/8 35° 1 :3/4 8’ 1:5/4 11 
3 33/3 40° £2 12° 1:2 7 
1 33/4 57 1 35/4 19° 
2 77° 1:2 - 11’ 65° 1:5/8 2 
1 :5/4 92" 1 :2/3 3 
1:2 26° 45° 1:5/8 5 1 33/4 4° 
1 :2/3 6 nits 4 
25° 1:5/8 16’ 1 33/4 7 1:5/4 rot 
1 :2/3 18’ Il 10° 32 6’ 


DISCUSSION 


In course of our investigations on the formation of zinc ferrocyanide gel the 
following interesting observations on the temperature 4nd concentration are worthy 
of note. 
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{s). In the case of the above gel there isa very great regularity in the stability 
of the gel and the time of its formation as the concentration of either of the reactants 
is relatively altered with respect to the other. ‘The effect of the temperature is also 
remarkable in that the stability or duration of the gel state keeps longer at lower tempera- 
tures than at higher ones (Tables i and II and curves No. 18-26, Figs. 3-4). 











Fig. 3 
a (ii). The gel formation does 
sed not take place without mechanical 
pe disturbance caused by rapid jerks 
and shaking. Ten strong jerks 
a | were given to the _ reaction 
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a ef in every case and the test tube 
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i) Or 
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ZnSO,: K,lke (CN), is as 1:0.8 which is nearly equal to 1:0.75, as observed in the 
first case. 


It may be concluded therefore that the optimum concentration for the formation 
of the most stable gel of zinc ferrocyanide is practically the same in both way; of mixing, 
allowing for the possible difference of adsorption effects that may result by adding one 
of the reactants to the other and vice versa. 


Ostwald (loc.cit.) observed that the formation of the gel may be due to the falling 
of temperature, chemical action, coagulation and swelling. Flemming, Holmes, Fells 
and Firth, Kremmer and others, Dhar and Prakash (loc. cit) observed no uniform rule 
to correlate temperature with the rate of gelation and have regarded the temperature 
effect as a specific phenomenon in the setting of a particular kind of gel. 


The behaviour and stability of zinc ferrocyanide gel are markedly connected with 
the temperature as well as with the concentration of the reactants. This fact is 
envisaged by the results of our investigations which show that after mechanical stirring 
and jerks applied to the reacting mixture containing suitable concentration of the com- 
ponents, the gel formation starts immediately and the stability of the gel, thus formed, 
is a function of the temperature and concentration, both. This behaviour agrees with 
the view of Ostwald. The rate of mechanical agitation, which is necessary for setting 
up the formation of the gel, is connected with the importance of the size and shape of 
the particles which has been viewed as very important factors for gelation and the 
structure of the gels. By giving mechanical jerks to the reacting mixture the particles 
are deformed to assume such a shape and size as to form discrete building elements by 
chemical valencies or solvation resulting in the formation of typical hydrates or sol- 
vated micelles. 

Since the stability of the gel is connected . with the shape and size of the particles 
and hydration of the micelles, it follows that the equilibirium of the different phases 
existing in the system will be disturbed by any change in the conditioning factors. 
Hence, mechanical agitation, changes of temperature, pressure and concentration of the 
reactants and of the coagulating electrolytes affect the stability of the gel considerably. 
In the case of zinc ferrocyanide the gel synerises after sometime as a result of the 
formation of bigger aggregates formed due to the presence of the excess of the elec- 
trolytes which are already present in the mixture. The temperature effect also helps 
in the coagulation phenomena and thus the stability of the gel decreases as the tem- 
perature is increased. 

Thanks of the authors are due to Dr S. S. Deshapande for his kind interest in these 
investigations. 
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POTASSIUM META-PERIODATE AS A VOLUMETRIC REAGENT. 
PART III. DETERMINATION OF METALS 


By BALWANT SINGH AND APAR SINGH 


Cu, Hg, Zn, Fe and Co have been estimated volumetrically using potassium meta-periodate. 


In the present investigation, quantitative estimations of copper, mercury, zinc, 
iron and cobalt have been made, using potassium meta-periodate as a volumetric reagent. 


In all titrations with the meta-periodate, 5 c.c. of chloroform and enough of hydro- 
chloric acid, to keep its normality between 4 and 7, were added to the titrant in a conical 
flask. Potassium meta-periodate solution was added from a burette until the titrant, 
which at first was strongly coloured with iodine, became pale brown. The conical 
flask was then stoppered and vigorously shaken, and the chloroform layer acquired 
a purple colour due to iodine. Addition of small volumes of the meta-periodate 
solution was continued, shaking vigorously after each addition, until the chloroform layer 
was faintly violet. Potassium meta-periodate solution was then added dropwise, with 
shaking after the addition of each drop, until the chloroform layer changed its colour 
from violet to pale yellow due to formation of iodine monochloride. The end-point 
was very sharp. 


Potassium meta-periodate was prepared by the method of Bahl and Singh (this 
Journal, 1940, 17, 167) by passing a brisk current of Cl, gas through a boiling solution 
of iodine in KOH. 


Determination of Copper: First Method.—A known weight of copper sulphate was 
dissolved in water and the solution saturated with sulphur dioxide. The solution 
was boiled and to it was added an exces: of 10% ammonium thiocyanate slowly with 
constant stirring to precipitate cuprous thiocyanate. The precipitate was left to settle, 
filtered and washed with 1% ammonium sulphate solution till the precipitate was free 
from ammonium thiocyanate. The precipitate along with the filter paper was put into 
a conical flask, added to it HCl (conc., 30 c.c.), water (20 c.c.) and CHC], (5 c.c.) and 
was titrated against standard potassium meta-periodate. 


Cuprous thiocyanate reacts with potassium meta-periodate in presence of hydro- 
chloric acid as follows : 
7 KIO,+3 Cuz ‘CNS),+14 HCl= 7 KCl+7 IC1+6 CuSO,+6HCN +4 H,0. 
Hence, 7 KIO,=3 Cu, (CNS), =6 CuSO,, 5 H,O=6 Cu. 
Several titrations were performed and from the volume of the standard potassium 


meta-periodate solution used, the amount of copper sulphate, and hence copper, was 
calculated. The results are recorded in Table 1. 
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TABLE I 
CuSO,, 5 HyO taken. M/8o0-KI10, used. CuSO,4, 5H,0- Calc. Cu. 
found. 
0.0534 g. 20 20 C.Cc. 0.0540 g. 0 0138 g. 
0.0722 27.00 0 0722 0.0184 
0.0802 29.90 0.0799 0.0203 
0.0936 35-00 0.0936 0.0238 
0.1069 39-90 0 1067 0.0272 
0.1257 47.10 0.1259 0.0320 


1.00 ¢.c. M/80-K104=0.002674 g. CuSO4, 5H,0 =0.0006805 g."Cu. 


Second Method.—A known weight of copper sulphate was dissolved in water and 
saturated with sulphur dioxide gas. The solution was boiled and to it added a known 
excess of standard potassium thiocyanate solution. 

2 CuSO,+ 2 KCNS +SO, + 2H,0=Cu (CNS), + 2 H.SO,+K.SO, 

The precipitated cuprous thiocyanate was filtered, the filtrate boiled in an atmosphere 
of CO, till free from sulphur dioxide gas, diluted with water to a known volume 
and titrated against standard jotassium meta-periodate in presence of hydrochloric acid 
and chloroform. 

KCNS+KI0O,+HCi = K,SO,+HCN +ICl. 


Results of the titrations are summarised in Table I1. 


TaBLe II 
CuSO,. 5H,O M/80-KCNS M ‘80-KTO, M /80-KCNS CuSO,, 5H,O Calc. Cu. 
taken. added. used used for found 
CuSO, 5 H,0. 
0.0312 g. 20.00 ¢.C. 10.00 € Cc, 10.00 C.C 0.0312 g. 0.00794 
0.0623 30.00 10.10 19.90 0 0621 0.01579 
0.0842 35.00 8.00 27.00 o 0842 0.02143 
0.0936 40.C0 10.10 29.90 0.0933 0.02374 
0.1248 60.00 20.00 40.00 0.1248 0.03175 


1.00 c.c. M/80-KIO4=1 c.c. of M/80-KCNSs0.093119 g. CuSO,, 5H,O =0.0007938 g. Cu. 


Third Method.—This method is based on the precipitation of copper from a 
copper salt in neutral or slightly acidic solution as copper mercury thiocyanate with a 
reagent containing 39.0 g.of potassium thiocyanate aud 27.00 g. of mercuric chloride per 


litre. 
2 KCNS+HgCi, = Hg/CNS),+2 KCl 


2 KCNS+Hg (CNS), = K,[Hg (CNS),] ... ... (Reagent) 
CuSO,+K, [Hg (CNS),] = K,SO,+Cu [Hg(CNS),] 


‘The greenish yellow precipitate of copper mercury thiocyanate reacts with potassium 
meta-periodate in presence of hydrochloric acid. 

Cu [Hg (CNS),] + 4KIO, + 8SHCI=CuSO, + HgSO, + 4HCN +4 IC1+4KCI+ 2H,SO, 

Hence, 4K10,=Cu [Hg (CNS),]=CuS0O,, 5H,O=Cu. 
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A known weight of copper sulphate was dissolved in water and treated with an 
excess of potassium mercury thiocyanate reagent. On stirring the mixture, a yellowish 
green precipitate of copper mercury thiocyanate was slowly formed. It was allowed 
to stand overnight, filtered through a weighed Gooch crucible and dried to a cons- 
tant weight in an electric oven at 105°. ‘The dry precipitate was transferred into a 
titration flask, dissolved in excess of hydrochloric acid and titrated against standard 
potassium meta-periodate in presence of 5 c.c. of chloroform. Results of the titrations 
are shown in Table III. 


TABLE III 
CuSO,, 5H,O M /60-KIO, used. CuSO,4. 5H,O Cale. Cu. 

taken. found. 

0.0208 g. 20.00 C.C. 0.0208 g. 0 00529 g.- 
0.0260 ‘ 25.10 0.0261 0.00664 
0.0312 30.00 0.0312 0.90793 
0.0416 40.20 0.0418 0.01062 
0.0728 70 00 0.0728 0.01851 


1 ¢.c. M/60-K104=0.002067 g. Cu [Hg (CNS)4]=0.co104 g. CuSO4, 5HyO=0.0002644 g. of Cu. 


Determination of Mercury: First Method.—Potassium meta-periodate reacts with 
mercurous chloride in presence of hydrochloric acid. 


K10,+8 HCl+3 Hg,C),=KCl+ICl+6 HgCl,+4 H,O 
.. KIO,=3 Hg.Cl.=6 HgCl.=6 Hg. 


A known weight of mercuric chloride was taken in a flask and diss>lved in distilled 
water and to it added 2 c. c of pure N-HCl and excess of 50% phosphorus acid solution. 
The solution was stirred and allowed to stand for almost 12 hours. The precipitated 
mercurous chloride was filtered, washed with cold water and transferred along with 
filter paper into a conical flask. To it were added 30 c.c. of concentrated hydrochloric 
acid, 20 c.c. of water and 5 c.c. of chloroform and the mixture titrated against standard 
KIO,. Results of the titrations are summarised in Table IV. 


TABLE IV 

HgCi, taken M/60-KIO, used HgCl, found Calc. Hg. 
0.3450 g. 12.70 C.C. 9.3453 &- 0.2551 & 
0 5865 21.60 0.5873 0.4339 
0.6900 25-30 0.6879 0.5. 83 
0.8625 31-75 0.8632 0.6379 
1.0350 38.10 1.0360 0.7654 
1.3800 50.80 1.3810 1.0206 


1 c.c M/60-K10,=0.02362 g. HgyClg=0.02719 g. HgCl,=0.02009 g. Hg. 
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Second Method.—Mercury can also be estimated as mercuric zinc thiocyanate 
which reacts with KIO, in presence of concentrated HCI. 


Hg [Zn (CNS),]+ 4KIO,+8HCl=HgSO, + ZnSO, + 4HCN +4 KC1+4ICi+2 H,S0,. 


Precipitating reagent, K, [Zn(CNS).], was prepared by dissolving 39g. of 
potassium thiocyanate and 29 g. of zinc sulphate in a litre of water. 

A known weight of mercuric chloride was dissolved in water and the solution was 
mixed with an excess of the precipitating reagent. ‘The precipitate of mercuric zinc 
thiocyanate was washed, filtered and titrated against standard KIO, in presence of hydro- 
chloric acid and about 5 c.c. of chloroform. Titration results are recorded in the follow- 
ing table. 


TABLE V 
HgCl, taken. M/60-KIO, used. HgCl, found. Caic. Hg. 
0.0186 g. 16.50 C.c. 0.0187 g. 0.0138 g. 
0.0271 24.40 0.0276 0.0201 
0.0400 35.10 0.0398 0.0294 
0.0500 44.00 0.0498 0.0368 
0.0558 49.00 9.0555 0.0411 


4K10,=HglZn(CNS),] =HgCl,=Hg. 
1 c.c. M/60-KIO,=0.001133 g. HgCl,=0.0008371 g. Hg. 


Determination of Zinc.—Zinc is estimated as zinc mercury thiocyanate which reacts 
with KIO, in presence of concentrated HCl, according to the equation given above under 
the estimation of mercury. Precipitating reagent, potassium mercury thiocyanate, was 
prepared by dissolving 39.0 g. of KCNS and 27 g. mercuric chloride in a litre of water. 

A known weight of zinc sulphate (ZnSO,,H,O) was dissolved in water. An excess 
of the precipitating reagent was added toit. Zinc mercury thiocyanate precipitate was 
washed, filtered, dissolved in HCl, and titrated against standard KIO, in presence of 
5 c.c. of chloroform. Results are given in the following table. 


TaBLe VI 
ZnSQ,, H,0O taken. M/60-KI0O, used. ZnSQ,, H,O found. Calc. Zn 
0.0100 g. 13.40 C.C. 0.0099 g 0.00355 g. 
0.0170 22.70 0.0169 0.00618 
0.0200 26.90 0.0201 0.00732 
0.0500 68 00 0.0507 0.01852 
0.1000 134.00 0.1009 0.03648 


4KIO,=Zn{ Hg (CNS),]=ZnSO,, HO=Zn 
1 ¢.c, M/60-KIO4=0.002074 g. Zun[Hg (CNS),]=0.0007456 g. ZnSO4,H,O=0.0002723 g. Zn 
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Estimation of Iron: First Method.—A known weight of ferrous sulphate was 
dissolved in water, 50 c.c. conceutrated HCl and 5 c.c. chloroform were added to it. 
The mixture was titrated against standard potassium meta-periodate solution. 


2 KIO, +12 FeSO,+ 22 HCl=2 KCl+2 IC1+6 FeCl, +3 Fe,/SO,),;+3 H,SO,+8 HO 
K10,=6 FeSO,, 7 H,O=6 Fe. 
1 c.c. M/80-KIO,=0.02084 g. FeSO,, 7 H,O=0.004210 g. Fe. 


Results of the titrations are recorded in the following table 


TABLE VII 


FeSO,, 7H,O M/80-KIO, FeSO,4, 7H,O Calc. Fe. 
taken. used found. 
0.2084 g. 10.05 C.¢c. 0.2094 g. 0.0423 g- 
0.3544 17.20 0.3584 0.0724 
0.4170 20.10 0.4188 0.7846 
0.5627 27.20 0.5667 0.1145 
0.8340 40.10 0.8356 0.1688 


Second Method.—A known weight of ferrous sulphate was dissolved in water and 
an equal volume of dilute 4N-H,SO, was added to it. The solution was titrated against 
standard KIQ,, using potassium ferricyanide as an external indicator. 


KIO, +2 FeSO, + H,SO,=Fe, ‘SO,); + H,0+ KIO; 
K10,=2 FeSO,, 7H,O=2 Fe. 
1 c.c. M;80-KIO,=0.006950 g. FeSO,, 7H,0=0.001400 g. Fe. 
Results are recorded in Table VIII. 


TABLE VIII 


FeSO,, 7H,O M/80-KI0, FeSO,, 7H,O Cale. Fe. 
taken. used. found. 
0.0695 g.- 10.0¢ C.¢. 0.0695 g. 0.0140 g. 
0.1182 17.00 0.1188 0.0238 
0.1599 23.10 0.1605 0.0323 
0.2085 30.00 0.2085 0.0420 
0.2433 35.00 * 0.2433 © 0490 
0.3475 50.10 0.3480 0.0700 


Determination of Cobalt 


From a saturated solution of a cobalt salt, cobalt was precipitated as cobalt mercury 
thiocyanate by the addition of potassium mercury thiocyanate solution. 


CoCl, +K,[Hz (CNS),]=2 KCl+Co [Hg (CNS), ]. 


The precipitate was dissolved in hydrochloric acid and titrated against standard 
potassium meta-periodate in presence of chloroform. 
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Co[Hg (CNS),]+ 4 KIO,+8HCl=CoSO,+ HgSO,+4 HCN +4 ICl+4 KCl+2 H,SO, 
4KI10,=Co [Hg (CNS), ] =CoCl,, 6H,0 =Co. 
1c.c. M/60-KIO, = 0.002049 g. Co[Hg (CNS),] = 0.0009913 g. CoCl,, 6H,O 
= 0.0002458 g. Co. 


Titration results are given in the following table . 


TABLE IX 

CoCl,, 6H,O M/60-KIO, CoCle, 6H,O Calc. Co. 
taken. used. found. 
0.0298 g. 30.00 CC. 0.02974 g- 0.00737 g- 
0.0400 41.90 0.04064 0.01008 
0.0500 51.00 0.05055 0.01254 
0.0625 63.00 0.06245 0.01548 
0.0820 82.50 0.08178 0.02028 


From: the above results it is evident that copper, mercury, zinc, iron and cobalt can 
be estimated quantitatively using KIO, as a volumetric reagent. 


PANJAB UNIVERSITY COLLEGE, Received November 27, 1951. 
HOsHIARPUR. 
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SOME ORGANIC COMPOUNDS OF GOLD WITH 
LONG-CHAIN FATTY ACIDS 


By NAKULESWAR KuNnpDU 


A series of higher a-aurothio fatty acids was prepared with a view to examining their physiological 
activity. They were prepared from a-thio fatty acids which were synthesised from their a-bromo deriva- 
tives by procedures based on the methods outlined by Biiiman. In this paper the preparation of a- 
aurothio- stearic, -palmitic, -myristic and -lauric acids has been described. 


Gold compounds have frequently been suggested as remedial agents for pulmonary 
tuberculosis, asthma, leprosy and chronic arthritis. Tuberculosis and leprosy are 
analogous pathological conditions produced by infection with so-valled acid-fast bacilli 
characterised by the possession of a fatty or waxy envelope. The effectiveness of all 
the drugs, so far prepared, was much inhibited by the presence of the fatty coatings 
of the bacilli. Negre, Barthelot and Bretey (Compt. rend. soc. biol., 1936, 123, 
864) observed a 1etarding effect on the tuberculosis of guinea-pigs produced by injec- 
tions of the ethyl ester of the higher fatty acids, viz. lauric, palmitic and stearic acids. 
Accordingly, it was considered to be of interest to prepare certain compounds of gold 
with higher fatty acids and subsequently to study their efficacy in the above 
mentioned diseases. The compounds that have so far been prepared are described in this 
paper. 

Deuko and Anderson (J. Amer. Chem. Soc., 1945, 67, 2241) have prepared ¢-auro- 
thio fatty acids of the lower members of the series. ‘The present investigation was 
undertaken to extend their work on the preparation of *-aurothio fatty acids of the 
higher members of the series. 

Purified fatty ac'ds were brominated into their *-bromo derivatives by the method 
of Volhard (Ber., 1891, 24, 2390). The halogen substituted acids in the form of their 
sodium salts reacted slowly in the cold with a solu:ion of potassium ethyl xanthate, 
and the resulting compound after acidification was broken down by ammonia to give 
a-thio acids (Biilman, Annalen, 1905, 339, 351 ; 1906, 348, 120; Lovén and Johansson, 
Ber., 1915, 48, 1254; Eggerth, J]. Expt. Med., 1931, 58, 27). 

The gold salts were precipitated from the alcoholic solutions of @-thio fatty acids 
containing sulphurous acid by alcoholic gold chloride solution. 

The monovalent gold salts of the @-thio fatty acids are colorless, amorphous powder, 


insoluble in water and alcohol. The toxicity and the physiological activity of these 


gold compounds are now under investigation. 


ExPERIMENTAL 


Preparation of 2-Bromostearic Acid (Volhard, loc. cit.).—An intimate mixture of 
pure stearic acid (10 g.) and red phosphorus (0.45 g.) was taken in a dry flask fitted 
with a reflux condenser and a dropping funnel. Dry bromine (3.6 c.c.) was added 
dropwise in the cold. The mixture was then heated on the water-bath till the colour 
of bromine disappeared completely. ‘The reaction product was then slowly added to 
crushed ice when a semi-solid mass separated out ; this was washed with water till 
free of mineral acid. The product was then extracted with petroleum ether (b.p. 40°- 
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60°) and after removal of the solvent it was finally recrystallised from petroleum ether, 
m.p. 60-62°, yield 10g. 

By adopting the similar procedure, «-bromo-palmitic, -myristic and -lauric acids 
were prepared. 

&-Thiostearic Acid and its Gold Salt.—To the dilute alcoholic solution of sodium 

a-bromostearate ‘10g. of a-bromostearic acid and 1.5 g. of sodium carbonate), an 
aqueous solution of potassium ethyl xanthate (5 g.) was added and the mixture was 
kept in the cold for 48 hours. It was then acidified with hydrochloric acid when a 
semi-solid mass was obtained. It was dissolved in alcohol and ammonia (40 c.c., 30%) 
was added and again kept for 48 hours in the cold. The mixture was then heated on 
the water-bath to remove ammonia and alcohol. It was then acidified with hydro- 
chloric acid and kept in.contact with metallic zinc for 2 to 3 hours. The oily product, 
thus obtained, was extracted with ether and the ethereal layer was washed with water. 
After: removing the ether a-thiostearic acid was obtained asa semi-solid mass which 
soon solidified when dried in vacuum. Finally it was crystallised from petroleum ether. 
m.p. 72°-75°. 
The crude a-thiostearic acid was dissolved in alcohol, sulphurous acid was added 
to it and the clear solution was filtered from any suspended impurities. An alcoholic 
solution of gold chloride was added (avoiding excess) dropwise when a colorless 
amorphous solid separated out. This was filtered, washed thoroughly first with water, 
then with alcohol and finally with ether, and then dried in a desiccator. (Found: Au, 
37-6; S, 6.8. C,sH;,,0,SAu requires Au, 38.4 ; S, 6.3 per cent). 

«-Thiopalmitic Acid and its Gold Salt.—This was prepared similarly from %-bromo- 
palmitic acid and potassium ethyl xanthate, m.p. 66-69°. The gold salt was obtained 
as colorless amorphous powder. (Found : Au, 39.8; S, 6.9. Cy¢H;,0,SAu requires 
Au, 40.7 ; S, 6.6 per cent). 

a-Thiomyristic Acid and its Gold Salt.—@-Thio acid was obtained from the corres- 
ponding bromo derivative exactly in the same way as described in previous cases. 
The crude product melts at 59°-64°. The gold salt, obtained, forms colorless amorphous 
powder. (Found: Au, 42.8; S, 7.5. CysH.2,O,SAu requires Au, 43.2; 5S, 7.0 
per cent). 

&-Thiolauric Acid and its Gold Salt.—This was prepared in a manner similar to 
that employed for the previous compounds, m.p. 52°-65°. The gold salt gives a colorless 
amorphous powder. (Found: Au, 46.2; S, 8.1. Ci:H:;0,SAu requires Au, 46.0; 
S, 7-5 per cent). 

The high percentage of sulphur in the product, as the result shows, is probably due 
to a slight admixture of the gold compounds with the free thio acids, which could not b2 
removed by washing. 

“The author acknowledges his indebtedness to Prof. P. Ray, for his keen interest 
and ‘guidance in the progress of this work. Sincere thanks are also due to the authori« 
ties of the Indian Association for the Cultivation of Science for the award of Sir P. C, 
Ray scholarship of the Bengal Chemical and Pharmaceutical Works, Ltd. 


Sir TF.N. PaLit PRorgssor’s LaBoraToRY, 
UNIVERSITY COLLEGE OF SCIENCE & TECHNOLOGY, 
CALCUTTA, 


Reteived December 11, 1951. 
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CONDENSATION OF ALDEHYDES WITH MALONIC ACID. PART XXV. 
CONDENSATION OF SALICYLALDEHYDE 


By Kantita, C. PANDYA AND RAjANI BALA K. PANDYA 


On revising the condensation of salicylaldehyde with malonic acid in the presence of one-sixth 
of a molecule of pyridine, two more products have been obtained : coumarin-4-acetic acid (III) and A-o 
hydroxyphenylglutaric acid (II). 


In part I of the series Kurien, Pandya and Surange (this Journal, 1034, 11, 823) 
found that the condensation of salicylaldehyde with malonic acid could not be effected 
in presence of pyridine when a molecular proportion was used (1:1:1). However, 
changing the above proportion of pyridine to 0.15 mol., they could obtain about 51% 
of cumarin-3-carboxylic acid in the above condensation. Dutt (this Journal, 1925, 
1, 297) having obtained a low yield of o-coumaric acid, had concluded that this was 
a case of steric hindrance. 

Khan, Kurien and Pandya (Proc. Ind. Acad. Sci., 1935, 1, 440) were able to obtain 
an even better yield of coumarin-3-carboxylic acid by using other tertiary organic bases. 
it was found by Pandya and co-workers ‘ibid., 1936, 4A, 134, 142, 144; 1037, 5A, 437, et 
seq; this Journal, and J. Univ. Bom.) that several hydroxy- and methoxy-benaldehydes 
condensed smoothly with malonic acid giving excellent yields of the products, when 
about one-sixth of a mol. of pyridine was used as the condensing agent. The efficiency 
of a small quantity of pyridine asa basic catalyst in the above condensation has also 
been shown by several other investigators (Robinson and Walker, /. Chem. Soc., 1936, 
193; Seshadri, Rangaswami and Subbarao, Proc. Ind. Acad. Sci., 1938, TA, 298; Raja- 
gopalan, ibid., 1942, 16A, 163 ; Watson, ‘‘Annual Reports’’, 1931, p.p. 115-116). 

In the light of these observations, the condensation of salicylaldehyde with malonic 
acid in the presence of one-sixth of a mol. of pyridine has been reinvestigated. It is 
found that in addition of coumarin-3-carboxylic acid (I), there is also formed another 
acid, 8-o-hydroxyphenylglutaric acid (II), which is easily converted on heating into 
3:4-dihydrocoumarin-4-acetic acid {1II), by the loss of a molecule of water. The consti- 
tutions of (II) and ‘IIl) were confirmed by a mixed melting point with the authentic 
samples prepared in this laboratory by Seshadri’s method (J. Chem. Soc., 1928, 166), 
and also by analysis and alkaline titration. The formation of a small amount of the 
acid (II) along with coumarin-3-carboxylic acid (I) is noteworthy. The yield increases 
when the proportion of malonic acid is increased, the maximum amount being obtained 
when 3 molecules of malonic acid are used in the reaction. 

It thus appears that actually the reaction takes the course shown below. 


Such condensations in which 2 mols. of malonic acid or ester react with one mo. 
of aldehyde have been well known (Cohen, ‘‘Organic Chemistry for Advanced Students’, 
Vol. I, 1923, pp. 279-286; Boxer and Linstead, J. Chem. Soc., 1931, 735). 
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EXPERIMENTAL 


Salicylaldehyde (6 g.), malonic acid (5 g.) and pyridine (0.5 ¢.c.) (1:1:0.15 mol.) 
were heated on a water-bath for 6 hours. ‘The mixture solidified on keeping overnight. 
It was extracted with a sodium carbonate solution (10%). The residue and the filtrate 
were separately extracted with ether to remove the unused salicylaldehyde. The 
aldehyde-free residue and the filtrate were separately acidified with dilute hydrochloric 
acid and the solid, obtained in each case after crystallisation, melted at 188-89° and was 
identified as coumatin-3-carboxylic acid (I) (Kurien and Pandya, loc. cit.). 

The filtrate after removal of the acid (I) was extracted with ether ; on removal of 
the ether, a solid was left over which crystaliised from hot water, m.p. 148° (efferv.). 
It was found to be a mixture of the acids (II) and (III), which on treatment with cold 
water or by washing with cold benzene, gave a solid melting at 159°. It was identified 
as B-o-hydroxyphenylglutaric acid (II) by a mixed melting point with an authentic 
sample prepared by Seshadri’s method (loc. cit.). (Found: C, 58.7; H, 5.4; equiv., 116. 
Calc. for C,,H,.0;: C, 58.9; H, 5.4 percent. Egquiv., 112). 

The acid (II) when heated to its melting passed into 3:4-dihydrocoumarin-4-acetic 
acid (III), m.p. 115°, which was undeéepressed by mixing with a sample of Seshadri’s 
acid, (Found: C, 63.5; H, 4.6; equiv., 206. Calc. for C,,H,,.0O,: C, 64.1; H, 4.8 
per cent. Equiv., 206). 

When the above condensation was repeated under different conditions, e.g., 
1:2:0.15 mol. or 1:3:0.15 mol., or according to Robinson-Shinoda (J. Chem. Soc., 1927, 
1977) or Vorsatz’s method (J. parkt. Chem., 1936, 145, 265) the product obtained 
melted at 148°, form which 8-o-hydroxyphenylglutaric acid (11) was isolated.* 

*Much of the work described in the last paragraph was performed by K. C. P. and Raghu Nath Singh. 


CHEMICAL LABORATORY, 
St. JoHN’s COLLEGE, Received July 24, 1951. 
AGRA, 
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ESTIMATION OF SELENIUM BY MERCURIC NITRATE 
By G. S. DESHMUKH AND K. M. SANKARANARAYANAN 


A new method for the determination of selenium, based on its quantitative precipitation as mercuric 
selenite by excess of mercuric nitrate within a px range 4-10, is described. The precipitate is filtered 
through a sintered glass crucible, washed, dried at 100° and weighed. The filtrate containing the 
excess of mercuric nitrate is titrated against standard thiocyanate ‘The strength of selenions acid 
or its selenium content is calculated from the weight of HgSeO, and also from the knowledge of the 
unreacted Hg(NO3)2, determined by back titration. 

The results are in good agreement with those obtained by the direct iodometric titrations of selenious 
acid. 

The selenium content of selenious acid is usually determined titrimetrically using 
standard permanganate or thiosulphate (Vogel, “A Text Book of Quantitative Analysis’’, 
1945, p. 362). Both these procedures are, however, indirect necessitating special 
precautions and prior standardisation of the relevant oxidants. Compared with this, 
the few gravimetric methods known, e.g. the weighing of elementary selenium after 
reduction of selenites or selenious acid by sulphur dioxide, potassium iodide, hydroxyl- 
amine hydrochloride, hydrazine sulphate and other reducing agents, have found but 
little applicability (Vogel, loc. cit., p. 525). Selenious acid reacts with many metallic 
salts to form the selenites. Amongst these the normal metal selenites are interesting 
for the remarkable ease of formation, the simplicity of composition and especially 
stability (Mellor, ‘““A Comprehensive Treatise on Inorganic and Theorctical Chemistry’’, 
1930, Vol. 10, pp. 820-43). Their quantitative precipitations should therefore be help- 
ful in the gravimetric estimation of selenium. Estreicher and Hubicki (Rocz. Chem., 
1938, 18, 4096) studied the reaction between mercurous nitrate and H,SeO, and ex- 
tended these observations to the determination of mercurous selenites and selenates. 
Work in these laboratorics on the behaviour of other mercury salts towards selenious 
acid showed that the addition of excess of mercuric nitrate to H,SeQ, led tothe 
precipitation of mercuric selenite. Its mode of formation by the above procedure 
appeared simpler than that described in the literature (Mellor, loc. cit., p, 828). The 
applicability of this reaction to the estimation of selenium was therefore studied in some 


detail. 
ExPERIMENTAL 


Merck's reagent grade selenious acid, purified by recrystallisation several times 
from absolute alcohol, was used to prepare an approximately N/10 aqueous solution. 
Its selenium content was determined iodometrically by standard thiosulphate. Pure 
mercuric nitrate (Schering and Kahlbaums’) was weighed to give 500 ml. of an approxi- 
mate N/1o solution. its strength was calculated by titrating 10 ml. of the solution 
against standard thiocyanate using ferric nitrate as the indicator. 

To an aliquot quantity of the selenious acid solution containing about 0.1 to 0.2 g. 
of selenium a known excess of mercuric nitrate was added. The white amorphous 
precipitate of mercuric selenite was allowed to settle completely and filtered through 
a sintered glass crucible. It was washed thoroughly with cold water ; the filtrate and 
washings were collected. The precipitate was next dried in an air-oven at about 
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too° ; finally in a vacuum desiccator and weighed. The filtrate was also titrated 
against standard KCNS to determine the unreacted (excess) Hg(NO )3. ‘The difference 
between the quantity of mercuric nitrate taken initially and that left over after the 
complete precipitation of mercuric selenite corresponds to the amount utilised in the 
reaction with H.,SeQ,. Results of aseries of such determinations (Table I) showed 
that under the given experimental conditions one molecule of Hg(NOs). reacted with 


one molecule of H,SeO;. The mercuric selenite is therefore a normal salt, having the 


formula Hg {SeQ,). 
TABLE I 


H.SeO, = N/10 (approx.). Hg(NOs)2 = N/10 (approx.). 


Expt. Se in H,SeO, taken Se found from Calc. Se from unreacted % Diff. 
No. by thiosulphate HgSeO3. Hg(NO3)z. 
1 9.02699 g. 0.02691 g, 0.02690 g. 0.33 
2 0.05398 0.05392 0.05394 O.1 
3 0.09883 0 09887 0.09888 0.2 
4 0.01976 0.1973 0 1973 0.15 
5 0.2965 0.2962 0.2961 0.1 
6 0.3124 0.3120 0.3122 0.13 


A reverse process, i.e. addition of excess of H,SeQ, to mercuric nitrate, yielded 
erroneous (low) results (Table II) presumably due to the dissolution of the precipi- 


tate in excess of the acid. 


TABLE II 
Hg(NO,), = N/10 (approx.). H,SeO,;= N/10 (approx.). 
Expt. Hg (NO3)2 H,SeO; Found Se in Se calc. in Remarks. 
No. taken. ' taken. HgSeQ3. HgSeO3. 
I 10 C.¢. 20 C.c. o 268 g 0.272 g. Excess 
2 10 30 0.266 0.274 of 
3 10 40 0.265 0.276 H,SeO; 
4 10 45 0.263 ©.279 


This was confirmed by the detection of Hg in the filtrate by the usual qualitative 
test. Furthermore, with excess of selenious acid in the system the precipitate required 
an unusually long time to settle due to its colloidal nature and terded to pass through 
the Gooch crucible during filtration. The Hg(SeQO;) dissolved readily in strong acid 
medium and also in aqueous ammonia. A systematic study to determine the px of the 
medium appropriate for the complete precipitation of the compound revealed that 
quantitative and reproducible results could be obtained within a fa range 4 to 1o 
(Table I). Since silver also is precipitated as silver selenite under the given experimental 
conditions, the presence of its salts interferes in the above estimation. 

The authors wish to express their sincere thanks to Professor S. S. Joshi for advice 


and kind interest in the work. 
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STUDIES ON THE COMPOSITION OF TURNBULL’S BLUE (FERROUS 
FERRICYANIDE) BY THERMOMETRIC METHOD 


By ABANI K. BHATTACHARYA AND RAM SAHAI SAXENA 


Thermometric titrations between ferrous sulphate and potassium ferricyanide have been carried out 
at various concentrations for studying the composition of this complex. The breaks in the direct titra- 
tion curves suggest that the compound Kfe"[Fe™(CN),] first formed, changes to Fe,"[Fe™(CN)g]9; 
whereas the reverse titrations indicate the formation of only cne compound, K Fe"[ Fe ™(CN)¢]. 


In continuation of our previous publications on the composition of Turnbull’s blue 
by physico-chemical methods such as conductometry (this Journal, 1952, 29, 284), at- 
tempts have been made to substantiate these conclusions arrived at by thermometric 
titrations and the results have been incorporated in this paper. 


ExPERIMENTAL 


Reagents used were of AnalaR (B D.H.) quality. Standard solutions of potassium 
ferricyanide were prepared by direct weighing and were further checked by iodometric 
titrations in presence of zinc sulphate (Cumming and Kay, ‘Quantitative Analysis’, p. 
160). Pure ferrous sulphate crystals were prepared by recrystallising from alcohol and 
dissolved in aqueous H,SO,. ‘The solution was standardised against KMnQ,. 


The arrangement for the thermometric titration was the same as has been described 
by Haldar (this Journal, 1946, 28, 157). Using different concentrations of the two salts 
in solution, the titrations were followed by the direct and the reverse methods i.e., when 
FeSO, solution was added to K;Fe’CN), solution in the Dewar flask and vice versa. 
Titrations were also carried out in presence of alcokol up to the total concentration of 
20% by volume. ‘The total rise in temperature was then plotted against the titre in c.c. 


DISCUSSION 
The two possible reactions between ferrous sulphate and potassium ferricyanide can 
be represented thus:— 
FeSO,+K,;Fe(CN}, = KFe[Fe(CN},]+K,SO, ... ia. a 
Fe,[Fe(CN),].+3K.SO, ... on 


3FeSO, + 2K,Fe(CN), 


Considering the strength of solutigns of FeSO,(2M) and K,Fe(CN),(M/2.5), the 
theoretical titre values required for the formation of KFe[Fe(CN',] and Fe,[Fe(CN),]. 
in direct titration would be 3.5 and 5.25 c.c. of ferrous sulphate respectively. In the 
reverse titrations, the theoretical values can be calculated accordingly. 
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In the thermometric titration curves (Figs. 1 and 2) obtained by direct titrations, two 
breaks appear at the points corresponding to FeSO,:K,Fe(CN), approximately in the 
ratio of 1:1 and 3:2 suggesting the formation of compounds KFe[Fe(CN),] and 
Fe,[Fe(CN),.].. The curves (figs. 3 and 4) in the reverse titrations i.e., whea potassium 
ferricyanide is used as the titre, show ouly one break corresponding to the formation 
of KFe[Fe(CN),]. 

















Fig. 1 Fig. 2 
af 
ents 
8 _—-i 
o 
x = 6 
3 At = 
D a Ss 
= ee = 
~ a ~ = Se aw ) — 
3 3 Va par 
& ‘a f a 
2r / , 
ye. 
og 
LO” 
hy" 
i 1 n l i wvne es l i i i i lt i i 
6 7 8 9 1 2 $ 4 5 6 7 6 9 
2M FeSO, added in c,c, M/1.4-FeSO, added in c.c. 
Fig. 3 Fig. 4 


4 




















T Paks 
< f © P 
§ 
s oT a 
. y* WM _. = 
< yf —.. ~ 
= ; = 
S a 
& aw = 
« fof 22 
L ie © 
Fp ttt 
1M-K3Fe CN) added in ¢ c. ° M/5-K3Fe(CN )g added in cc 


With a view to showing the discrepancy between the observed and calculated titre 
values, a summary of observations in aqueous and aqueous-alcoholic solution has been 
given in the Table II] for comparison. 
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TaBLe I 


Direct thermometric titrations. 


FeSQ, soln =2M. M/2.5-K;Fe(CN)¢ soln.=20c¢.c Alcohol=nil. (Fig. 1, curve 1). 


FeSO, Total rise FeSO, Total rise FeSO, Total rise FeSO, Total rise 

added. intemp. added. in temp. added. in temp. added. in temp. 
0.0 C.c. 0.0° 2.0 C.c. 0.170" 4.5 c.c. 0.365° 7.0 C.c. © 450° 
0.5 0,04° 3.0 0.255° 5.0 0.385° 8.0 0.460° 
1.0 0 085° 3-5 0.290° 5-5 0.410° 9.0 0.470° 
1.5 0.130° 4.0 0.330° 6.0 0.430, 10.0 0.485" 


FeSO, soln.=2M. M/2.5-K3Fe (CN)¢ soln =18c.c. Alcohol=2c.c. (Fig. 1, curve 2). 


0.0 C.c. en” * 25¢.c. 0.290° 4-5 ¢.c. 0.500° 6.5 c.c, 0 610° 
0.5 0.06° 3.0 0.360° 5.0 0.530° 7.0 0.650° 
1.5 0.180° 3-5 0 410° 5-5 0.565° 8.0 0.670° 
2.0 0 230° 4.0 0.460° 6.0 0.585° 9-5 0.730° 


FeSO, soln.=2M. M/2.5-K3Fe(CN), soln.=16¢.c. Alcohol=4c.c. (Fig. 2, curve 3). 


0.0 ¢ c. 0.0° 30C.c, 0.585° 5.0 C.c. 0.760° 7-5 C.c. 0 820° 
1.0 0.205° 3-5 0.650° 5-5 0.770° 8.5 0.840° 
2.0 0.390° 4-5 0.930° 6.5 0.790° 9.0 9.855° 


FeSO, sola. = M/1.4, M/8-K3Fe(CN)g soln.=20c.c. Alcobol=nil (Fig 2, curve 4). 


0.0 ¢.¢. 0.0° 2.0 €.c. 0.120° 4.0 ¢.C. 0.240° 6.0 ¢.c. 0.295° 
0.5 0.030° 2.5 o 155° 4.5 0.255° 70 0.310° 
1.0 0.060° 3.0 " 0.190° 5.0 0.270° 8.0 0.320° 
1.5 0.095° 3-5 0.215° 5-5 0.290° 9.0 0.335" 


FeSO,=M/1.4. M/8-K,Fe(CN)¢ soln.=18 c.c. Alcohol=2c.c. (Fig 2, curve 5). 


0.0 CC. 0.0° 2.0CC. 0.160° 4-5 C.C. 0.325° 7.0 C.c. © 375° 
0.5 0.050° 2.5 0.200° 5.0 0.340° 8.0 0.395" 
1.0 0.090° 30 0.240° 6.0 0.360° 8.5 0.4c5° 
1.5 0.130° 4.0 0.300° 6.5 0.370° 9.0 0.410° 


FeSO,=M/1 4. M/8-K3Fe(CN)¢ soln.=16c.c. Alcohol=4 c.c. (Fig. 2. curve 6). 


0.0 €.c. 0.0° 2.0 €.C 0.300° 4-5 C-Ce 0.585° 7,0 C.C. 0.690° 
0.5 0 080° 2.5 0.380° 5-5 0.630° 7-5 0.705° 
1.5 0.230° 3-5 0.490° 6.0 0.650° 8.0 0.720° 
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TABLE II 


Reverse thermometric titrations. 


K3Fe/CN)g Totalrise. K3Fe(CN)g Totalrise K3Fe(CN)¢ Total rise K3Fe(CN)¢ 
added in temp. added. in temp. added. in temp. added. 
0.0 €.¢. 0.0° 2.0 €.C, 0.140° 5.0 C.c. 0.355° 8.0 c.c. 
0.5 0.035° 3-0 0.215° 6.0 0.405° 9.0 
1.0 0.070° 4.0 0.280° 7.0 0.430° 10.0 
K,Fe(CN)g=1M. M/3.5-FeSO, soln. =18 c.c. Alcohol =2 c.c. (Fig. 3, curve’8). 
0.0 €.c. 0.0° 2.5 C.Cc. 0.245° 4.5 C.C. 0.440° 7.0 C.C. 
0.5 0.050° 3.0 0.300° 5.5 0.510° 8.0 
1.5 0.150° 4.0 0.390° 6.5 0.550° 90 
K;Fe(CN)g=1M. M/3.5-FeSO,4 soln.=16¢.c. Alcohol=4 c.c. (Fig. 3, curve 9). 
0.0 C.C. 0.0° 2.0 C.C. 0.300° 5.0 C.c. 0.725° 7.0 C.c. 
0.5 0.08v° 3-0 0.485° 6.0 0.785° 8.0 
1.5 0.230° 4.0 0.615° 6.5 0.810° 9.0 
K3Fe(CN)gs=M/5. M/20-FeSO, soln.=20 c.c. Alcohol=nil. (Fig. 4, curve 10). 
0.0 C.Cc. 0.000° 2.0 C.C. 0.100° 4.0 C.Cs 0.200° 6.0 C.c. 
0.5 0.025° 2.5 0.130° 4.5 0.230° 7.0 
1.0 0.050° 3.5 0.170° 5.0 0.240° 8.0 
K3Fe(CN)g=M/5. M/20-FeSQy soln.=18 c.c. Alcohol=2 c.c. (Fig. 4, curve 11), 
0.00 ¢.C. 0.000° 1.5 Cc. 0.130° 4.0 C.Cs 0.325° 6.5 ¢.c. 
0.5 0.045° 2.0 0.170° 5.0 © 380° 7.5 
1.5 0.130° 3.0 0.250° 6.0 0.420° 9.0 
K3Fe(CN)g=M/5. M/20-FeSO, soln. =16 c.c. Alcohol=4 c.c. (Fig. 4, curve 12), 
0.00 C-Cc. 0,000° 2.5 C.c, 0.305° 4.5 C.c, 0.505° 7.0 €.c. 
1.0 0.120° 30 0.370° 5.0 0.520° 8.0 
2.0 0.250° 4.0 0.480° 6.0 0.550° 9.0 


K3Fe(CN)g=1M.M/3.5-FeSO, soln. =20 c.c. 


Alcohol=nil. (Fig. 3, curve.7). 


Total rise 


in temp 
0.450° 
0.475" 


0.495° 


0.570° 
0.620° 


0.665° 


0 850° 


0.910 


0.965° 


0.250° 
0.270° 


© 280° 


0.435° 
0-470° 


0.520° 


0.580° 


0.605° 


0.635° 
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Tasie ITI 
Points showing breaks. 


Direct titrations : 2M-FeSO, and M/2.5 K3;Fe(CN)¢s. Conc. ratio=1:5. (Figs. 1 and 2). 


In aqueous solns. In alcoholic solutions. Formula supported. 
cale, obs. calc, obs. 
I break - 4.0 C.c. 4-2 C.c. 3-6 C.c. 3-7§ c.c. in 10% alcohol KFe/ Fe(CN)¢} 
3-2 3-25 20 oe 
IT break 6.0 6.15 5-4 5-55 10 a Fe3[FeiCN)¢]o 


4.8 4.80 20 i 


M/t1.4-FeSO, and M/8-K3Fe(CN)g. Conc. ratio=8:1 4. 


I break 3-5 €-c. 3-75 3.15 3.35 c.c. in 19% alcohol KFef Fe(CN)¢] 
2.8¢ 2.85 20 o 

II break 5-25 5-45 4-72 4.85 a Fes[Fe(CN)e]s 
4.20 4.30 20 


Reverse thermometric titrations: 1M-K;Fe(CN)g and M/3.5-FeSO,y. Conc. ratio=3.5:1. (Figs. 3-4). 


5-14 C.C. 5.0 c.c. in 10% alcohol KFe[ Fe(CN)¢] 
4-57 4-50 20 ” 


I break 5°71 C.c. 5-55 C.c. 


M/s5-K;Fe(CN)¢ and M/20-FeSO,. Conc. ratio=20:5. 


II break 5.0 4.80 4-50 4.4¢ >.c. in 10% alcohol KFe[ Fe(CN)¢] 


4.00 4.05 204 


It will be clear from the above table that in aqueous medium in direct titration the 
points of break, as observed from the curves, are slighly higher than the theoretical values, 
whereas in the reverse titrations they are slightly lower. This discrepancy between the 
calculated and the observed titre values can be explained on the tendency of the compound 
formed to hydrolyse. Then potassium ferrocyanide thus released would react with more 
of ferrous sulphate as a result of which the titre values in aqueous solution would be 
greater in direct titrations and less in the reverse titrations than the theoretical values. 
The effect of addition of alcohol in increasing amounts in direct titrations is the gradual 
decrease in the observed titre values; in the reverse titrations, an increase is observed 
under the same conditions. This can be explalned as due to the check of the hydrolysis 
of the compound. Then the observed titre values in presence of increasing amounts of 
alcohol should correspond more closely to the theoretical values in the direct and the 
reverse titrations. This has been actually observed. 


The adsorption of Fe"’ and Fe(CN),” ions by ferrous ferricyanide should not, how- 
ever, be altogether ignorned The effect of adsorption of these ions from the surround- 
ing solution by the precipitate would be to decrease the titre values in aqueous medium in 
both cases, which should then increase in presence of alcohol. This is observed only in 
the reverse titrations, whereas there is a decrease in the titre values in direct titrations in 
presence of alcohol. In case Turnbull’s blue has a tendency to adsorb more ferrous ions 
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than ferricyanogen ions, similar observations as'recorded above are likely to take place. 
Quntitative work on adsorption and hydrolysis of ferrous ferricyanide has been carried 
out and the results will follow shortly. 

From the breaks in the titration curves (Figs. 1-2) it appears that the compound 
KFe[Fe(CN),] is first formed which with excess of ferrous sulphate changes to 
Fe,[Fe (CN).],, the latter corresponding to the second break of the curves. In the 
reverse cases, the titration is carried out in presence of excess of ferrous sulphate but it 
is interesting to note that the break corresponding to Fe,[Fe(CN),], is mot observed. 

The results of thermometric titrations fairly support the conclusions derived from 
the conductometric investigations. 

The thanks of the authors are due to Dr. S. S. Deshapande of Agra College, Agra, 


for his interest in these investigations. 
Received December 8, 1951. 
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STUDIES ON THE COMPOSITION OF COMPLEX FERROUS 
FERROCYANDE BY POTENTIOMETRIC METHOD 


By ApBANI K BHATTACHARYA AND RAM SAHAI SAXENA 


The composition of ferrous ferrocyanide has been determined by potentiometry using the oxidation 
+++ ++ 
reduction potential of Fe /Fe. The composition of the compound ferrous ferrocyanide indicated by 


potentiometry is the one corresponding to the molecular formula Fe™ K,[Fe™ (CN)g]. The discre- 
pancies in the equivalence points from the theoretical value required for the formation of the above 


comp?und have been explained as being due to the adsorption of Fe** ions by the precipitated complex. 


In continuation of our previous communications ‘this Journal, 1952, 29, 284, 529) 
this paper records our observations obtained by potentometric titrations. 


Solutions of FeSO, were titrated against K,Fe(CN), at several concentrations of 
the reactants. Only the reverse titrations [when K,Fe(CN), from the burette was 
added to FeSO, in the beaker] gave satisfactory results. Fe'’'/Fe™ electrode was 
prepared by adding just one drop of M/10-FeCl, to 20 c.c. solution of FeSO,. The 
fall of potential by gradual addition of K,Fe{CN), was observed and the equivalence 
point was determined from the potentiometric titration curves. 


It is well known that the oxidation reduction potential of Fe'*’;/Fe' eiectrode 


is expressed as 

E = E.—RT/nf in Fe’ /Fe™ 
near the equivalence point when the concentration of Fe is small, a drop of 
K,Fe(CN), added to FeSO, brings about a steep fall of E observed. The point of 
equivalence can therefore be read from the curves. 


ExPERIMENTAL 


AnalaR (B.D.H.) reagents were used. Potassium ferrocyanide was estimated 
by titrating against standard solution of KMnO, (cf. Treadwell and Hall, “‘Analytical 
Chemistry’’, Part II, p. 536). Pure ferrous sulphate crystals were prepared by recrys- 
tallisation from alcohol in presence of sulphuric acid. Standard solutions of FeSO, 
were prepared of several concentrations by titrating against standardised solution of 
KMnO,. Electrode used was of platinised platinum foil (Miller, Z. physikal. Chem., 
1914, 88, 44), and it was used in conjuntion with a saturated calomel electrode. 
Curves were plotted between the volume of ferrocyanide added and the E (observed), 
and from the fall of the curves the equivalence point could be found out. As this 
curves are more or less similar, only one representative diagram has been shown. 
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K,Fe(CN)¢ 
added. 


0.0 C.C. 
o4 


1.2 


04 
14 


0.4 
1.0 


Ie2 


K,Fe(CN)¢ 
added. 


0.0 C.C. 
0.4 
1.2 


2.0 


0.0 C.C. 
0.6 
1.4 
1.8 


0.0 GC. 
0.4 
1.2 
1.6 


E (obs.). 


0.3960 volt 
0.3670 
0.2480 


© 3770 
0.3320 


0.2160 


0.3640 
0.2900 
0.2270 


0.2180 


E (obs.). 


0.3000 volt 
0.2130 — 
0.1880 
0.3760 


0.2600 
0.2000 
0.1770 


0.1740 


0.2800 
0.2000 
0.1720 
0.1660 





E (obs.). 


© 1720 volt 
0 0802 
0.0725 


0.0725 


0.0720 
0.0670 
0.0650 


0.0880 
0.0815 


0.0790 
0.0780 


K,Fe(CN)s _E (obs.) 
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TABLE I 
Conc. of K,Fe(CN),=M/10 
K,Fe(CN)g___E (obs ). K,yFe(CN)g — E (obs.). K,yFe(CN)¢ 
added. added. added. 
M/40-FeSO; = zooc.c. Alcohol = nil. 
1.4¢¢. © 2370 volt 2.8cc¢ 0.2069 volt 4.4¢¢. 
2.0 0.2235 3.6 © 1050 5.0 
26 0 2T00 4.2 0.1800 5.5 
6.0 
M/40-FeSQO, soln- = 18 ¢.c. Alcohol = 2 c.c. 
18 0.2040 304 0.1610 4.8 
2.2 0.1860 4.0 0.1§20 5-5 
3.0 0.1670 4.4 0.0800 6.0 
M/40-FeSQ, soln.= 16 cc. Alcohol = 4 c¢.c. 
1.4 0.2060 3.0 0.1600 4-4 
2.2 o 1760 3.6 0.1460 5.0 
2.4 0.1750 4.0 0.1000 5.5 
2.6 0.1680 4.2 0 0900 6.0 
TABLE IT 
Conc. of K,Fe(CN),=M/2 
K,Fe(CN)¢ E (obs.). K,Fe(CN)s__E (obs.). 
added. added. added. 
M/5-FeSO, soln. =20c.c. Alcohol=nil. 
2.§ ¢.c. 0.1740 volt 5.6 c.c 0.1640 volt 7.2 C.c. 
3.5 0.1720 6.2 0.1560 7.6 
4.4 0.1700 6.8 0.1440 8.2 
5-2 0.1660 7.0 0.1160 9-5 
M/s5-FeSQ, soln.=18 c.c. Alcohol=2 c.c. 
2.2 C.Cs 0.1710 4:6 c.c. 0.1620 6.6 ¢.c. 
3.0 0.1680 5-4 0-1540 7.0 
38 0.1660 6.2 0.1220 7.6 
4.2 0.1660 64 © 1100 8.0 
M/5-FeSO,=16 cc. Alcohol = 4c.c. 
2.0 ¢.c 0.1640 4.0CC¢. 0.1520 5.8 c.c. 
2.8 0.1620 4.6 0 1420 6.2 
36 0.1575 5.2 0.1260 6.8 
3.8 0.1550 5-4 01210 7.2 


0.0800 volt 
0.0360 
0.1900 
0.1300 


0.0840 
0.0440 
0.0240 
0 0180 


0-1046 
0.0400 
0.0320 
0.0300 














K,Fe(CN)¢ 
added. 





0.0 C.C. 


0.4 
0.8 
1.0 


0.0 C.C, 


04 


1.0 


0.0 C.C. 


0.4 


1.0 


K,Fe(CN)¢ 
added. 
ooc.ec. 
04 
0.8 
1.8 


o.occ 


0.4 


1.0 


0.0 C.c. 
0.4 
0.8 


1.0 





E (obs.). 


0.2690 volt 
0.2390 


6.2100 
0 2000 


0 2810 
0.2220 


0.1855 


0.2580 
"0.208 


0.1720 


E (obs.). 


0.3020 volt 
© 2270 
0.2080 


© 2000 


0.2460 
0.1950 
0.1715 


0.2300 
0.1820 
0.1660 


0.1620 


Tasie IIl 
Conc. of K,Fe (CN),=M/s. 


M/20-FeSQ,=20¢.c. Alcohol added = nil. 


K,Fe(CN)¢ E (obs.). KyFe(CN)s  E (obs.). 
added. added. 
1.4 €.C. 0.1870 volt 3 6c.c. © 1530 volt 
2.2 0.1720 4.2 0.1420 
3.0 0.1600 46 0.1000 
3.4 0.1560 4.8 0.0720 


M/20-FeSQy=18¢.c. Alcohol added =2 c.c. 


1.4 c.c, 0.1760 30 c.c. 0.1535 
2.2 0.1620 3.8 0.1420 
2.6 0.1580 4-2 0.1160 


M/20-FeSO,=16 c.c. Alcohol added =4 c.c, 


1.2¢¢. 0 1660 2.8 ¢.c. 0.1380 

2.0 © 1470 3.6 0.1265 

2.4 0.1446 4.0 0.1040 

TABLE IV 
Conc. of K,Fe(CN),=M/2 
M/t0-FeSO,=20 c.c. Alcohol =nil. 

K,Fe(CN)s £E (obs.).. KygFe(CN)g — E (obs.). 
added. added. 

1.2.€.C. 0.1950 volt 2.4 C.C. 0.1770 volt 

1.6 0.1860 2.8 0.1670 

2.0 0.1800 32 0.1470 

202 0.1780 3-4 © 1120 


M/10-FeSQ,4=18 c.c. Icohol added =2 c.c. 


1.2 €.c. 0.1660 24¢.c. 0.1405 
1.6 0.1575 28 0.1220 
2.2 0.1450 3.4 0.0620 


M/10-FeSOQ,=16 c.c. Alcohol added=4 cc. 


I.2¢¢, 0.1540 2.4 C.C 0.1240 
1.6 0.1450 2.8 0.0980 
2.0 0.1340 3.2 0.0640 
2.2 0.1300 3-4 0.0540 
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KyFe(CN)¢ 
added. 


50c.c 
5.6 
6.5 


70 


44C.C. 
5.0 
6.0 


42c.¢. 
4.8 
5.6 


K,4Fe (CN)¢ 
added. 


3 6c.c. 


4.0 
4-6 
4.8 


3.6 c.c. 
4.0 


5.0 


3-6 c.c. 


4.0 
4.2 
4-5 


E (obs.). 


0.0620 voit 
0.0520 


0.0460 
0.0450 


0.1000 
0 0740 


0.€675 


0.0960 
0 0840 
0 0810 


E ‘obs.). 


0.0760 volt 
0.0360 
0.0180 


0.0162 


0.0480 
0 0380 


0.0300 


0.0500 


0.0420 


0.0410 


0.0390 
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TABLE V 


Summary of results of potentiometric tiirations. 
Points obtained from curves 


KyFe(CN)5. FeSO,. Aqueous solutions, Alcoholic solutions. Formula 

Calc. Qbs. Cale. Obs. supported. 

M/10 M/40 5.0 C.c. 4.75 C.c. 4.5 CL 4.30 ¢.c. in 10% alcohol KgFe[{Fe(CN).] 
4.0 3-95 20 

M/2 M/s 8.0 7.0 7.2 6.60 10 K,Fe[Fe(CN).¢] 
6.4 5-95 20 

M/5 M/20 5.0 4-70 4.5 4.25 10 K2Fe[ Fe(CN)¢] 
4:0 3.90 20 

M/2 M/10 4.0 3.50 3.6 3-25 10 K2Fe[FetCN),] 
3.2 3-00 20 


DISCUSSION 


_ From the above summary of observations in Table V, it will be evident that in 
dilute solution of FeSO,, the points of equivalence closely correspond to the formation 
of the compound K,Fe[Fe(CN),] where the molecular ratio of the reactants is as 1: 1. 
In stronger solutions of FeSO,, however, the titration values observed for K,Fe(CN), 
are lower than those calculated. Kolthofff and Furman (loc. cit.) and Muller and 
Takagami (Z. anal. Chem , 1928, 78, 284) also observed that in precipitation reactions 
the maximum leap did not occur at the theoretical point of equivalence. This 
discrepancy may also be due to a greater amount of adsorption of Fe’ ions by the 
precipitated complex. 

This explanation is supported by the 
26r titre values in presence of alcohol. It will 
be seen from ‘Table V that in presence of 


alcohol, the titre values of K,Fe(CN). for 


“" 20¢.c. of FeSO, gradually go up to approach 
\ the theoretical titre values, because the amount 

on of adsorption decreases in aqueous alcoholic 
medium as compared to that of water. 


Hence, we conclude that the composition 
of ferrous ferrocyanide is best represented by 
the formula K,Fe[Fe(CN),]. In our conduc- 
tometric experiments this (Journal, 1952, 29, 
284) we observed that in the reverse conduc- 
tometric titrations the equivalence points 
corresponding to the formation of the com- 
pound Fe,[Fe(CN),] was not obtained, and 


E(obs) X10 2. 











8 . . 
there was only one point of intersection 
corresponding to K,Fe[Fe(CN),] in the reverse 

4 1 \ F ,__ titrations ; while the direct titrations gave 

; . - ’ . indication of both the compounds. 


M/s5-KyFe (CN)¢ added in c.c. 
The potentiometric observations are therefore in conformity with the conducto- 
metric results for the reverse titrations as communicated in the previous paper. 


CHEMICAL LABORATORIES, 
AGRA COLLEGE, AGRA. 


Received November 19, 1951. 
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DECOMPOSITION OF DIAZOKETONES BY CERTAIN REAGENTS 


By U. S. SetrH AND S. S. DESHAPANDE 


Nitrosyl chloride reacts with (i) diazoacetone, (ii) w-diazo-p-methoxyacetophenone aud (iii) w-diazo- 
p-chloroacetophenone removing the diazo group in each case and adding itself to the resulting radical. 
Nitrous acid behaves similarly with (ii). Diazo group is also removed from (iii) by thermal decomposition 
as als» by means of strong sulphuric acid catalytically, the same product being formed in each case. 


In a previous communication (this Journal, 1950, 27, 429) we brought forward 
evidence showing that the radical ‘I1), formed by the spontaneous loss of diazo group 
of ({), did not polymerise but formed a stable molecule by rearrangement, which is not 
the Wolff rearrangement. 


CO—CH=N=N Cco—CH< 
| | 
to (v" )Me 
\F G 
(I) (11) 


Our further work on this decomposition product of (I, m.p. 104°), which will throw 
light on the nature of the rearrangement, will be described in a subsequent paper. In 
the present paper we describe the reaction of certain reagents leading very readily to the 
ioss of diazo group from diazoketones which do not decompose spontaneously. ‘The re- 
actions described are on diazoacetone (III), w-diazo-p-methoxyacetophenone (IV) (an 
isomer of I) and w-diazo-p-chloroacetophenone ‘V). 


CH,—CU—CH=N=N  naipenameaes CO—CH=N=N 
(II) | 
( ( 
¥. Y 
OMe Cl 
(TV) ‘V) 


The reagents which we found very readily removed the diazo group from the diazo- 
ketones are (1) nitrosyl chloride, (2) nitrous acid, and (3) strong sulphuric acid (cataly- 
tically). 

Staudinger, Becker and Hirzel {Ber., 1916, 49, 1979) described the action of carbonyl 


chloride on %-diazoethyl acetate. The first product of the reaction is diazomalon acid 


chloride ethyl ester (VI) 
N=N N=N 
I | 
CI—CO—C1+CH—COOEt —> CI—CO—C—COOEt 
(VD 


10—1801P—-7 
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The diazo group in (VI) is remarkably stable. With excess of carbonyl] chloride 
in a sealed tube at 100° the diazo group was removed and the reagent added to the 
resulting radical. ‘I'he product formed in this way is chloromethane tricarboxylic acid 


monoethyl ester dichloride (VII). 


N=N cl COo—Cl 
I \4 
CI—CO—C—COOEt +CI—CO—Cl —> CI—CO—C—COOEt+N, 
(VII) 


We found that when the diazoketones _,R—CO—CH=N=EN MUIII, IV and V, 
R=CH,, /-methoxyphenyl and p-chlorophenyl respectively) were treated in benzene 
solution at o° with nitrosyl chloride gas dissolved in benzene, the diazo group was 
readily removed quantitatively and the reagent added to the corresponding resulting 
radical giving the nitrosochloro-ketones (VIII) which in the tautomeric forms are the 


chlorides of the corresponding hydroxainic acids (VITA). 


N=0 N—OH 
R—C( —cHe o_= r—co—c¢ 
Cl Cl 


(VIII) (VIITA) 


Unlike the carbonyl chloride addition product (VIT!, which is a liquid acid chloride, 
the compounds (VIII) are neutral crystalline solids. ‘The compounds (VIII) derived 
from (1V) and (V) liberate iodine from acidified potassium iodide (cf Bokadia and 
Deshapande, this Journal, 1950, 27, 317). 


Like nitrosyl chloride nitrous acid also removes diazo group readily at low tempera- 
ture. Whereas dilute mineral acids act on diazoketones on boiling to form hydroxy- 
methyl ketones, R--CO—CH,OH (Wolff, Annalen, 1902, 325, 141), and pure acetic acid 
under similar conditions forms the acetate R—CO—CH.—O—CUO—CH, (Bradley and 
Robinson, J. Chem. Soc., 1928, 1541), nitrous acid acts at 0° giving the nitrosohydroxy- 
ketone (IX) which in the tautomeric form is the hydroxamic acid (IXA) : 


N=0._ N—OH 
R—CO—CH = N=N + HO—N = 0->N, + R—CC cad —_>R—CO—C 
OH OH 
(IX) (IX) 


The acidic nature of the reaction product obtained from the diazoketone (IV) has 
been proved from the factsthat it gives acid reactions, dissolves in alkali with a pale 
yellow colour and with phenylisocyanate forms a phenylurethane, m.p. 234°. 


Strong H,SO, removes diazo group from diazoketones catalytically. When most 
of the liquid diazoketone (I) decomposed spontaneously giving the rearrangement 
product melting at 104°, we found that the solution of the residual liquid in petroleum 
ether in contact with a drop of strong sulphuric acid liberated further amount 
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of nitrogen and gave a further instalment of the product melting at 104°. We used 
this method to decompose the diazoketone (V) and obtained a nitrogen-free solid melting 
at 238°, which was identified as p-chlorobenzoic acid. 


Schroter (Ber., 1916, 49, 2743) attempted to remove diazo group from diazoketones 
by heating them in amyl ether above 110°. He obtained nitrogen-free oily residues 
which could not be proved definitely to be the polymerisation products of the corres- 
ponding ketones or of the radicals. We could successfully use Schrdter’s method in 
the case of the diazoketones (IV) and (V) and obtained in both cases nitrogen-free 
crystalline solids. The product obtained from (IV) was insufficient for analysis and 
characterisation, but that obtained from (V) proved to be identical with the product 


of catalytic decomposition of (V) by sulphuric acid. 


EXPERIMENTAL 


Purified diazoketones were used for the reactions. Diazoacetone (III) boils at 
40°-45°/10 mm. (Wolff, Annalen, 1912, 894, 25; b.p. 45-47°/15 mm.). 

w-Diazo-p-methoxyacetophenone (1V) was crystallised from alcohol, m.p. 84°. 
Burger and Avakin (J. Org. Chem., 1940, 5, 666) record m.p. g0-91° ; Wilds and 
Meader (ibid., 1948, 18, 76) record m.p. 84-88°. henylhydrazone, m.p. 186°. 
(Found N, 19.9. C,;H,,ON, requires N, 21.0 per cent). 

w-Diazo-p-chloroacctophenone (Vj melts at 106°. Wilds and Meader (loc. cit.) 
record m.p. 113°. (Found: N, 15.06; Cl, 19.3. CsH;ON,Cl requires N, 15.5 3 Cl, 19.5 
per cent). 

It gave with ammonia and silver nitrate (Arndt and Eistert’s synthesis) p-chloro- 
phenylacetamide (m.p. 175°), which on hydrolysis gave p-chlorophenylacetic acid, 
m.p. 105°. 

Action of Nitrosyl Chloride on the Diazoketones.—To the solution of the diazo- 
ketone (about 1.5 g.) indry benzene :t o° was gradually added 2 solution of niirosyl 
chloride gas (prepared from potassium nitrite and phosphorus pentachloride) in benzene, 
Nitrogen was rapidly -evolved. After the evoiution of the gas was complete an excess 
of nitrosyl chloride solution (2 c c.) was added and the mixture kept at o° overnight. 
On evaporation of the solvent the nitrosochloro-ketone (hydroxamic acid chloride) separa- 
ted as a solid which was purified by crystallisation from benzene. it reacts neutral to 
litmus and does not colour alkaline solution. In the case of diazoacetone the reaction 
product was liquid which on repeated extraction with hot petroleum ether left behind 
a solid. . 

a-Chloro-%-nitrosoacetone (VIII, R=Me) crystallises from alcohol and melts at 
107°. It is identical with the product obtained by Rheinboldt and Dumond (Annalen, 
1925, 444, 113) by the direct action of nitrosyl chloride on acctone at a low temperature, 
m.p. 107°. (Found: N, 12.0; Cl, 28.6. CsH,O,NCI requires N, 11.6; Cl, 28.9 
per cent). 

w-Chloro-w-nitroso-p-methoxyacelophenone (VILL, R=p-methoxyphenyl]) crystallised 
from benzene, m.p. 94°. (Found: Cl, 17.1. C,H,O;NCI requires Cl, 16.5 per cent). 
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w-Chloro-w-nitroso-p-chloroactophenone (VIII, R=p-chlorophenyl) crystailises from 
benzene, m.p. 96°. (Found: Cl, 32.7. CsH;O,NCIl, requires Cl, 32.5 per cent). 
Rheinboldt et al. (loc. cit.) did not obtain this compound by the direct action of nitrosy] 


chloride on p-chloroacetophenone. The reagent did not effect nitrosochlorination but 


simple nitrosation. 
Action of Nitrous Acid on the Diazoketone (1V).—To the diazoketone (1.5 g.), 


covered by petroleum ether and kept at 0°, were added 2 c.c. of amyl nitrite and 0.5 c.c. 
of acetic acid (not galcial). Nitrogen was evolved. After leaving the solution over- 
‘night and evaporating off the solvent the hydroxamic acid (IX} was obtaiuved as a 
solid which after crystallisation from benzene melted at 180°, (Found: C, 55.8; 
H, 5.3; N, 7.8. C,H,O,N requires C, 55.4 ; H, 4.6 ; N, 7.2 per cent). 

On warming its benzene solution with phenylisocyanate and on cooling the phenyl- 
urethane separated mixed with diphenylurea. ‘The former was obtained by crystallisa- 
tion from alcohol, m.p. 234°. 

Action of Strong Sulphuric Acid on Diazoketone (V).—To the solution of the 
ketone (2 g.) in absolute alcohol (10 c.c.) at room temperature one drop of strong sul- 
phuric acid was added. Brisk evolution of nitrogen was observed. After adding 
another two drops the solution was left overnight. On evaporation of the solvent a 
solid residue mixed with some gum was obtained. ‘The latter was absorbed on a porous 
The crude solid on crystallisation from benzene melted at 238° and was identified 
The purified solid weighed 0.3g. (Found: C, 53.5; H, 3.8; 
Calc. for C;H;O0.C1: C, 53.8; H, 3.2; Cl, 22.4 per cent. 


tile. 
as p-chlorobenzoic acid. 
Cl, 24.0; equiv., 158. 
IEequiv., 156). 

Thermal Decomposition 
covered with di-isoamyl] ether (20 c.c.) and the mixture was heated in an oil-bath at 120° 


for 2 hours. Nitrogen was evolved. From the resulting solution the solvent was distilled 
off at 5 mm. pressure until about 2 c.c. of the liquid was left which was transferred to 
a watch glass. On standing for about two weeks a white solid gradualiy separated 
which was freed from adhering liquid by draining over a porous tile. The solid obtained 
from (IV) melted at 100° and was free from nitrogen, but the amount was insufficient 
for analysis and characterisation. That obtained from (V) weighed 0.2 g. after crys- 
tallisation from benzene, m.p. 238°. It proved to be identical with the solid obtained 
by catalytic decomposition of the diazoketone by strong sulphuric acid, as the mixed 
melting point of the two solids showed no depression. 


of Diazoketone.—The diazoketone (about 2 g.) was 


CHEMICAL LAvORATORIES, Received August 31, 1951. 


AGRA COoLLEGr, AGRA. 


































jJour. Indian Chem. Soc., Vol. 29, No. 7, 1952] 











1 
. [VUDOMETRIC ESTIMATION OF FERRICYANIDE BY ARSENIOUS OXIDE 
By G. S. DESHMUKH AND B. R. SANT 
The use of arsenious oxide as a primary standard in the iodometric determination of ferricvanide 
4 has been described. The pu of the initially acidified ferricyanide solution which iiberates iodine quan- 
a titatively from potassium iodide in presence of zinc sulphate is adjusted between 4 andg by boric acid- 
; borax buffer. ‘Titration with arsenious oxide is carried out using starch as the indicator. The results 
4 compare favourably with those obtained by the classical thiosulphate method. 
4 The classical methods for ferricyanide estimation employ silver nitrate (Kolthoff, 
F “Volumetric Analysis’, Vol. II, John, Willey and Sons, Inc., New York, 1929, p. 242), 
titanous chloride (Someya, Sci. Rep. Tohoku Imp. Univ., 1926, 15, 425) or thiosulphate 
(Vogel, ““A Text Book of Quantitative Inorganic Analysis’’, Longmans, Green and Co., 
¢ Ltd., London, 1945, p. 435}. In Volliard’s process a known excess of silver nitrate 
y . . . . . . 9 « . 
“ is added to the ferricyanide solution aud after filtering the sparingly soiuble silver salt, 
aA ° ° ° ° on ° ° 
the excess is back-titrated against standard thiocyanate. ‘The titanometric procedure 
s s : ? : ; : 
i depends on the reduction of ferricyanide by titanous chloride (or sulphate), the titra- 
| tions being carried out in absence of air, using diphenylamine as the indicator. -'The 
. reaction between potassium ferricyanide and iodide 
> — ee > = ~— 
2K;Fe (CN),+2KI _  2K,Fe (CN),+1. ind —— 
is reversible; the equilibrium is displaced to the right in the acid medium in presence 
j of zinc salt, which removes the slightly soluble zinc potassium ferrocyanide. The 
liberated iodine is titrated against standard sodium thiosulphate (Vogel, loc. cit.}. 
o “ stale ‘ . ‘ 
4 The above methods are, however, indirect and involve the use of solutions which do 
i not serve as primary standards. 
c . . ; — 
. The reaction between arsenious oxide and iodine may be represented as follows: 
—> 
5 As,O; + 21.+ 2H.O ig As.O0,; + 4HI a imo 
4 Its applicability toa direct iodometric estimation of ferricyanides has, however, not 
been investigated. The oxidation of iodide by ferricyanide according to (1) occurs at 
a fu much below 4. Since such a medium is unsuitable for direct titrations of iodine 
an with arsenious oxide, several experiments were carried out in which the iodine libera- 


ted quantitatively from an initially acidified K,Fe (CN), was titrated against arsenious 
oxide with appropriate buffers. ‘This led to the following new“method of ferricyanide 
estimation by arsenious oxide. 


EXPERIMENTAL 


Merck’s extra pure reagent was used to prepare a solution of potassium ferricyanide. 
lt was standardised by titrating iodometrically against 0.1N sodium thiosulphate (Vogel, 
loc. cit.). 
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Arsenious oxide solution was prepared by dissolving an accurately weighed quantity 
of Merck’s guaranteed sample according to Pierce and Haenisch (‘‘Quantitative 
Analysis’’, John, Willey and Sons, Inc., New York, 1948, p. 242}. 

The boric acid-borax buffer contained by weight 8% of borax and 4% of boric acid 
‘Chapin, J. Amer, Chem. Soc., 1919, 41, 351). A stock solution of an approximately 
2N hydrochloric acid was used to acidify the ferricyanide solution. The buffer required 
to neutralise 2ml. of 2N-HCI was determined by titration using phenolphthalein as the 
indicator, 

The procedure adopted for estimating ferricyanide iodometrically by arsenious oxide 
is as follows: 

To an aliquot portion of ferricyanide solution about 20 ml. of 10% potassium iodide, 
2inl. of 2N hydrochloric acid and a solution of 2 g. of pure zinc sulphate in 15 ml. of 
water were added. Buffer sulution equivalent to 2 ml. of 2N-HCl was now run in and 
the titration finished with arsenious oxide using starch as the indicator. The end-point 
corresponds to the volume of arseniotis oxide equivalent to free iodine, and hence, the 
amount of ferricyanide according to (1) and (2). A typical set of results is shown in 


Table f. 


¢ TABLE I 
Wt. of ferricvanide. Wt. of ferricyanide. 
Expt. No Thio. As). % Error. Kixpt. No Thio. As30 . % Error. 
1 0.1059 g. 0.10575 g. 0.14 5 0.3177 0.3177 g- 0.00 
2 0.1588 o 1586 0.12 6 0.3705 0.3700 0.13 
3 0.2117 0.2113 0.18 7 0.4235 0.4227 0.18 
4 0.2647 0.2650 0.10 8 0.4763 0.4756 0.14 


The oxidation of arsenious oxide by iodine (cf. equation 2) goes to completion if 
the hydriodic acid is neutralised immediately after its formation. Buffers like sodium 
bicarbonate, NaH,PO,-Na,HPO, or boric acid-borax are recommended for this purpose, 
and accurate results are obtained when the hydrogen exponent is adjusted between 4 and 9 
(Washburn, J. Amer. Chem. Soc., 1908, 30, 31). According to McAipine (J. Chem. Ed., 
1949, 26, 362), titrations may even be done up to fait. In the present series of 
experiments, boric acid-borax buffer was added to regulate the pu between 4 and 9. ‘This 
was preferred to sodium bicarbonate in order to avoid any loss of iodine during the neu- 
tralisation of the initially acidified medium (Washburn, loc. cit.). Preliminary experi- 
ments with NaH,PO,-Na.HPO, also gave identical results. 

Data in Table I show that the difference between the values for K,Fe(CN),, obtained 
by classical thiosulphate method and the one usiug arsenious oxide, is less than 0.2%. 
Compared with the thiosulphate and other titrimetric procedures, the present method is 
distinctly more advantageous as it envisages the use of arsenious oxide as a primary 
standard. The application of this method to the determination of metal ions forming 
insoluble ferricyanides is in progress. 

The authors’ grateful thanks are due to Prof. S. S. Joshi for advice and kind 
interest in the work and to the National Institute of Sciences of India for an award 
of a research fellowship to one of us (G. S. D.) 
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BEHAVIOUR OF CHLORONITROBENZENE WITH HYDRAZINE AND 
SUBSTITUTED HYDRAZINES. PART IIL. SOME SUBSTITUTED 
1-HYDROXY-1:2:3-BENZOTRIAZOLES AND THEIR 
ACETYL DERIVATIVES 


By SHIAM SUNDER JOSHI AND DALEEP SINGH DEORHA 


The preparation and properties of eight 1-hydroxy-1 :2 :3-benzotriazoles and their acetyl derivatives 
have been described. 





The parent substance of this class, 1-hydroxy-t: 2: 3-benzotriazole, was first pre- 
pared by Nietzki and Braunschweig ‘Ber., 1894, 27,3381) by the action of alkalies on 
o-nitrophenylhydrazine. The cyclisation was supposed to take place by the interaction 
of the hydrazine (-NHNH,) group with the adjacent nitro group under the influence 
of an alkali. 


(NNENE, | “\—na | /\—N 
| at + ae ee 

| NO, | gn | N 
— = YF YM4 

| I- Neo — N.OH 


Curtius and Mayer (J. prakt. Chem., 1907, ii, 76, 369) observed that when chlorc- 
dinitrobenzenes (with a reactive halogen atom) were heated with an excess of hydrazine 
hydrate, along with the corresponding dinitrophenylhydrazines some hydroxybenzotti- 
azoles were also formed. Borsche and Rantscheff ‘Annalen, to11, 379, 152), Borsche 
and Fiedler (Ber., 1913, 46, 2117) and Morgan and Glover (J. Chem. Soc., 1921, 119, 
1700) obtained a few more of the triazole derivatives. Brady and co-workers (J. Chem. 
Soc.. 1921, 119, 894 ; 1923, 123, 2258; 1928, 193; 1930, 2667; 1931, 1273) and also 
Miller and co-workers (J. prakt. Chem., 1925, 111, 273, 277, 293, 307) further studied 
the cyclisation of dinitrophenyihydrazines and prepared some more derivatives of the 
compound. 

During the preparation of substituted dinitrophenylhydrazines, by boiling alcoholic 
solutions of hydrazine hydrate and a halogenated dinitrobenzene with a reactive halogen 
atom (Joshi and Deorha, this Journal, 1951, 28, 34), it was observed that along with 
the dinitrophenylhydrazines, nitroliydroxybenzotriazoles were also invariably formed. 
‘he salts of the latter with hydrazine dissolved in water, while the substituted hydrazines 
themselves were quite insoluble. From the filtrate on acidification they separated out 
in sufficiently pure condition. 


The amounts of nitrohydroxybenzotriazoles formed under similar experimental 
conditions varied considerably, showing that the ease of cyclisation of different substi- 
tuted dinitrophenyihydrazines was largely influenced by their structure. Thus, with 
hydrazine hydrate 1-chloro-2: 4-dinitrobenzene forms mainly 2:4-dinitrophenylhydrazine 
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(Allen, J. Amer. Chem. Soc., 1930, 52, 2055), while in the case of 1:4-dichloro-2:6-di- 
nitrobenzene the proportion of the triazole derivative is much larger than that of the subs- 
tituted phenylhydrazine. Similar ease of ring formation has been observed in some 
orther cases also, e.g., 4-methyl-2:6-dinitrophenylhydrazine (Brady and Bowman, J. Chem. 
Soc., 1921, 119, 804), 4-bromo-2:6-dinitrophenylhydrazine, etc. It thus appears that 
usually the formation of a triazale ring takes plave more easily when the hydrazino group 
has two nitro groups in both of its o-positions than when they are in the o:p-positions. 


Nitrophenylhydrazines that have only one nitro group in the o-position to the hy- 
drazino group can cyclise in only one way and, therefore, in the products obtained from 
such substituted phenylhydrazines, the positions of various substituents can be definitely 
fixed. But those that have two nitro groups in both the o-positions, triazoie ring forma- 
tion can take place in two ways, by interation with one or the other of the nitro groups. 


Iu such cases, if the benzene ring is not substituted symmetrically about the hydrazino 


group, the product may have structure (I) or (II). 





NO, NO, NO, 
Cui -" Bs HNH, TT 
| - im 
in site wy 
X N.OH N.OH 
(1) (II) 


Work is in progress to develop methcds for assigning structures to products. in such 
cases. 
Identical hydroxybenzotriazoles have been isolated from the water-solubie filtrates 
of the condensation of hydrazine hydrate and halogenated dinitrobenzenes by acidification 
and by cyclisation of the corresponding dinitrophenylhydrazines with dilute alcoholic 


sodium hydroxide solution and acidification. It has been observed that if in the latter 


method a strong alcoholic solution of sodium hydroxide is used in excess, the products 
formed are often dark, resinous and difficult to crystallise. But when dilute solutions 


(about 1.5%) of the alkali are employed and an excess is avoided, better products are 


obtained. 

The present paper includes the study of eight hydroxybenzotriazoles, viz., 6-nitro- 
5-methyl-(see Brady and Day, J. Chem. Soc., 1923, 128, 2258), 4-chloro-6-nitro-, 4-bromo- 
6-nitro-, 6-chloro-4-nitro-, 6-bromo-4-nitro-, 4:6-dinitro-5 (or 7)-methyl-, 6-chloro-, and 
6-bromo-1-hydroxy-1:2.3-benzoiriazoles. All of them have been prepared from halo- 
genated nitrobenzenes, viz., 3-chloro-4:6-dinitro-1-methylbenzene ‘Reverdin and Crep- 
ieux, Ber., 1900, 38, 2506), 1:2-dichloro-4.6-dinitrobenzene (Ullmann and Sane, Ber., 
1911, 44, 3730), 1-chloro-2-bromo-4:6-dinitrobenzene (Sane and Joshi, J. Chem. Soc., 
1924, 125, 2482), 1:4-dichloro-2:6-dinitrobenzene (Ullmann and Sane, loc. cit.), 1-chlore- 
4-bromo-2:6-dinitrobenzene (Sane and Joshi, this Journal, 1933, 10, 450), 3-chloro-2:4:6- 
trinitro-1-methylbenzene (UJlmann and Nadai, Ber., 1908, 41, 1818), 1:4-dichloro-2-nitro- 
benzene and 1-chloro-4-bromo-2-nitrobenzene, by refluxing them with hydrazine hydrate 
in alcohol (as their hydrazine salts} and (except 6-chloro- and 6-bromo-1-hydroxy-1:2:3- 
benzotriazoles) from the substituted dinitrophenylhydrazines, formed in the above reaction, 
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by cyclising them with dilute alcoholic sodium hydroxide solution (as their sodium salts). 
From the aqueous solutions of these salts the free hydroxybenzotriazoles separate on 
acidification. 

From the products of the interaction of 1:4-dichloro-2-nitro- and 1-chloro-4-bromo- 
2-nitro-benzenes with hydrazine hyrate, the expected substituted phenylhydrazines 
could not be isolated. ‘The reaction which takes place on prolonged heating and with 
excess of hydrazine hydrate gives the corresponding triazoles alone, in poor yields. 
The chlorine atom in position-1 in these halogenated mononitrobenzenes is much less 
reactive than the chlorine atom in others which contain two nitro groups. It therefore 
appears that in these cases the substituted phenylhydrazine, which is formed in small 
amounts at a time, undergoes ring closure immediately, due to the presence of an excess 
hydrazine hydrate. 


The hydroxybenzotriazoles vary from colorless to orange in colour. ‘They are 
sparingly soluble in cold water, still less in dilue hydrochloric atid but are soluble in 
hot water, alcohol, acetic acid and benzene, and can be easily crystallised from hot water 
and diluted alcohol. They are acidic in character and. usually form soluble salts with 
ammonia, hydrazine, and sodium and potassium hydroxides. ‘Their acid character 
increases with the increase in the number of nitro groups. Those that have even 
one nitro group swell and explode above their melting points; a halogen atom in addition 
to a nitro group, however, makes them less explosive, while another nitro group renders 
them much more explosive. Such compounds explode violently when heated rapidly 
in a sealed tube and deflagrate when heated on a spatula. Their sodium and 
potassium salts decompose more easily and with greater explosive violence than even 
the parent triazoles. 


Of the two rings in these compounds, the triazole ring is quite resistant to the 
action of oxidising agents and in all cases, when submitted to oxidation, the benzene 
ring disrupts giving the same product, 1-hydroxy-1:2:3-triazole-4:5-dicarboxylic acid 
(Zincke and Schwarz, Annalen, 1900, 311, 336). 


The hydroxyl group of these triazoles can be easily acetylated. The acetyl deriva- 
tives get easily hydrolysed when heated with water or alcohol. As they crystallise well 
and invariably melt at lower temperatures than the parent compounds, they can be used 
for the identification of the hydroxybenzotriazoles. 


ExPERIMENTAL 


Preparation of Substituted 1-Hy4roxy-1:2:3-benzotriazoles. Method las by- 
product).—Chloronitrobenzene (1 mol.), hydrazine hydrate (2 mols.) and alcohol (suffi- 
ciert to dissolve the substance) were boiled together for about an hour. The product was 
then cooled, diluted with water and filtered. ‘The residue consisted of the substituted 
nitrophenylhydrazine. ‘The filtrate, which contained the hydrazine salt of the hydroxy- 
triazole in solution, on acidification with dilute hydrochloric acid gave the corresponding 
hydroxybenzotriazole. It is soluble in hot water and is crystallised out of it. 
11—1801P—7 
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In the case of 1:4-dichloro- and 1-chloro-4-bromo-2-nitrobenzenes,.an excess of hy- 
drazine hydrate (about 4 mols.) and prolonged heating (about 6 hours) are necessary. 
No substituted hydrazine could be isolated from the residue, 


Method Il.—To the substituted phenylhydrazine (1 mol.), dissolved in an excess of 
hot alcohol, alcoholic sodium hydroxide solution (1.5%) was added dropwise with shaking 
and warming till the change of colour (to dark brown or red) became permanent. ‘The 
mixture was then boiled for about half an hour and cooled when the sodium salt of 
the substituted 1-hydroxy-1:2:3-benzotriazole separated out. It was dissolved in water 
and filtered. From the filtrate on acidification with dilute hydrochloric acid the substi- 
tuted hydroxybenzotriazole separated out. It was crystallised out of either hot water or 
hot diluted alcohol (1:4). 

Preparation of Acetyl Derivatives of Hydroxybenzotriazoles.—Substituted hydroxy- 
benzotriazole (1 g.) and acetic anhydride (4 c.c.) were heated together with a drop of 
concentrated sulphuric acid on a water-bath for about half an hour. On cooling the 
acety] derivative separated out. It was crystallised from benzene. 

The amounts of the substituted hydroxybenzotriazoles formed by the two methods 
and their melting points and colour, as also of their acetyl derivatives, are shown in the 


table below. 


TABLE I 

Position of the substituents % Yield by Colour. M_p. ‘cetyl derivative. 
in 1-hydroxy-1 :2 :3-benzo- 

triazole. Method I, Method TI. Colour. M.p. 
6-Nitro-5-methyl- 25 50 Yellow 197° Pinkish 166° 
4-Chloro-6-nitro- 16 66 Pinkish brown 176° Colorless 125° 
4-Bromo-6-nitro- 20 68 Light orange-brown 205° re 148° 
6-Chloto-4-nitro- 75 80 Orange-yellow 206° % f° 
6-Bromo-4-nitro- 80 84 Yellow 208° RR 194° 
4:6-Dinitro-s(or 7)-methyl- 20 48 Golden orange 191° Light yellow 175° 
6-Chloro- 20 Colorless 198’ Colorless 137° 
6-Bromo- 12 e , 196° ae 134° 


‘The corresponding substituted phenylhydrazines could not be isolated. 


The authors wish to thank Shri M. D. Tiagi for doing some preliminary experiments. 
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ELECTRODIALYSIS OF CERAMIC RAW MATERIALS A‘T HIGH VOLTAGE. 
A PRELIMINARY NOTE 


By SarRoy KuMAR CHATTERJEE 


The exchange ions in clays and in allied minerals can be replaced by H* and OH™~ 
by a number of methods, the most satisfactory being the treatment in a dialysis cell. 
Ordinarily, a clay slip is treated for about two weeks at a pressure of 220 volts till a 
constant value of the current is reached. It isa matter of common experience that even 
this long treatment is insufficient for removing entirely many adsorbed ions or groups 
from the clays (Norton, ‘‘Refractories’”’, 1942, p. 139). Further, Johonson and Norton 
have admitted that the polyvalent ions take a longer time for separation and that electro- 
dialysis at 220 volts for a longer time is not a ‘“‘cure-all’’ in any sense of the term 
(cf. J. Amer. Ceram. Soc., 1941, 24, 64). While solving a ceramic problem, the 
need for preparing a really clean clay was keenly felt. All attempts at producing this 
uuder varied conditions of experiment proved futile. It was therefore thought useful 
to resort to electrodialysis at 440 volts. In conformity with author’s expectation, 
almost clean clays could be obtained from China clay. Encouraged by the results, the 
process was extended to fire-clay, Gangetic silt and potash feldspar. The present note 
deals with the results so far obtained. A detailed paper embracing all aspects of the 
problem is expected to be published in the near furture. Contrary to usual practice, 
clays were subjected to chemical analysis with a view to forming an idea about the nature 
of elements extracted. ‘The exchangeable metallic bases reported by Graham and 
Sullivan (J. Amer. Ceram. Soc., 1938, 21, 176) for several clays are Ca,Mg, Na and K. 
It will, however, be observed from the analytical data that there is no residual iron in 
China clay, while the percentage of the same in fire-clay or in Gangetic silt is appre- 
ciably low. This suggests that perhaps a part of the total iron in clays is present in 
adsorbed conditions. The suggestion appears to be plausible from the fact that electro- 
dialysis at 220 volts does not remove easily the polyvalent ions. In fact, experimental 
results, to be communicated later on, show that the cations are removed in stages and 
that the iron present in the crystal lattice takes a longer time for its removal. Inciden- 
tally, the base exchange capacities of these materiais were determined and it was found 
that the Gangetic silt gave the highest value. “This, according to previous records, 
appears to be a departure from the normal values. There are, however, sufficient 
justifications for this abnormally high value and it is expected to deal with them in 


future. 
EXPERIMENTAL 
In each case the slip containing 5 % soljd was treated in an improvised dialysis 
cell in the usual way at 440 volts. Though some modifications were introduced, the 
dialysis cell was improvised keeping in view the directions outlined by Hall (J. Amer. 
Ceram. Soc., 1923, 6, 991), Hall and Mattson (ibid., p. 991) and Hind (Trans. Ceram, 
Soc., 1924-25, 24, 73). Stirring was done mechanically with a V-shaped glass stirrer 
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up to the end of each experiment. Lxcessive rise in temperature was controlled by 
circulating iced water through a coil immersed in the cell. The water from the outer 
compartments was removed constantly and replenished by fresh, iced distilled water. 
The cell used along with the arrangement of water circulation has been shown in 


Fig 1. 


Fig. 1. 

















1. Parchment paper. 2. Ptauode. 3. Ptcathode. 4. Glass spiral. 5. Stirrer. 6. Inlet for 
pre-cooled distilled water. 7&8, Syphon. 9 Rectangular glass vessel. 10 Glass vessel containing 
ice and water. 11. Water circulating pump. 12. Spiral condenser. 13. Dhistilled water jar. 


As the cell required constant attention, experiments were not allowed to go on at 
night. ‘The total duration varied between 50 and 158 hours, depending on the nature 
of the substance. With a view to obtaining the cleanest possible clays, they were treat- 
ed with H,O, (30 vols.) for 7 days and then well washed prior to electrodialysis as 
recommended by Robinson (J. Agric. Res., 1927, 84, 339) and Norton (“‘Refractories”’, 
1942, p. 141). ‘The circuit was closed initially at 4.8° to 5° in each case. The reading of 
the ammeter was gradually on the increase, but any particular reading was recorded 
almost constantly for hours together. During the periods the ammeter recorded a 
steady figure, the px of the suspensions remained constant but the temperature steadily 
increased. ‘This suggests the possibility of a gradual removal of the polyvalent ions and, 
in fact, experiments are under progress to prove the correctness or otherwise of such 
asurmise. Since control of exchangeable base is particularly important when using 
clays for ceramic purposes, it is expected that gradual removal of ions, if found possible, 
would help developing a new technique in the linc. Samples were removed after 
dialysis, dricd and then analysed. ‘able I records analytical data on raw and dialysed 
clays, and the ammeter readings against time have been shown in Fig. 2. Fig. 3 shows the 
variations of py» of the suspensions with time. Variations of temperature with time have 
been shown in Fig. 4. It is evident from Table II that the percentage of total alkalies 
dropped from 14.92 in the raw sample to 0-4» % on dialysis; this appears to be very 


important and interesting. 
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TABLE I 


Substance. Condition ‘ a f° : — g 
S 2 $ fo} § o° & § , Fired colour. 
a < & th HF O A 3 a 
ae ae Be ae ~~ = = wT 
China clay Raw, dialysed. 46.63 38.14 0.56 o0014 0.61 0.11 0.50 0.63%, 12.74 
50.32 42.18 — — 0°99 —- — — 738 Perfectly 
white. 
Fire-clay Raw, dialysed. 61.20 25.47 1.43 0:0113 1.50 0.13 Trace 0.40 100 
64.04 28.01 0.14 _ 0.32 —- — — 7.40 White. 
Gangetic silt Raw, dialysed. 61.73 17.42 589 010 — 3.86 2.10 171 7.27 
66.92 24.46 1.10 —9 — - 0.403 — — 6.94 Fire brick 
colour 


* Total iron as Fe,Os. 


Potash feldspar powder was likewise subjected™to electrodialays at 440 volts. 
Table IJ records the analytical data on raw and dialysed orthoclase, and the ammeter 
readings against time have been shown in Fig. 2. Variations of ps and temperature of 
of the suspensions with time have been shown in Figs, 3 and 4 respectively. 


TABLe II 
Substance. Condition. %K20. %Na,O. %CaO. %MgO. % Fe,03*.§ % FeO. Al;O; %SiO, Loss. 
Potash feldspar Raw 12.40 2.52 0.43 0.06 0.71 f 0.13 19.54 6401 0 30 
Dialysed- 0.41 _ - _ —-;j— 28 58 7054 0.37 


* Total iron as Fe,03. 


The result obtained with the potash feldspar does not appear to be unusual fiom a 
reference to known facts. Thus, K atoms in orthoclase-do not form real “‘bridges”’ 
between SiO, and AlO, tetrahedra. X-ray analysis shpws that the potassium atoms lie on 
the reflection planes, fitting into cavities, and that eath potassium atom has ten oxygens 
arrund it at approximately equal distances (Mathatschki, Cibl. Min., 1928, A 973 
Taylor, Z. Krist., 1933, 85, 423; Proc. Roy. Soc., 1934, A, 145, 80; Taylor, Darbyshire 
and Strunz, Z. Krist., 1934, 87, 464). This suggests the possibility of detaching the 
potassium atoms from their combinations under favourable conditions. In fact, feldspars 
are highly alterable minerals, and numerous alteration products have been isolated. 
Thus, orthoclase alters rather easily to kaolinite or sericite under weatheriug and hydro- 
thermal conditions. Again, the potash in feldspars has been isolated to the extent of 
12.60 g. (as K,O) from a powdered mass weighing 5 kg. by simple agitation with water 
for 192 hours ‘Daubrée, “Etudes synthetiques de géologic experimentale’’, 1879, pp. 268+ 
275). Further, it has also been shown by Das Gupta and Chatterjee (this Journal, 1951, 
28, 582) that alkalies of feldspars are extractable by agitation with water in 

















ELECTRODIALYSIS OF CERAMIC RAW MATERIALS AT HIGH VOLTAGE 553 


iron drums, and, in fact, they have succeeded in the synthesis of new products, having 
formulae of the type FeAJ,Si,0, by the substitution of alkali atoms of feldspars 
by Fe**. The observation of Seger that alkalies liberated from feldspars react 
with quartz yielding a glossy vitreous mass from a mixture of clay, feldspar and 


Fig. 4 
Variation of temp. with time. 
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quartz (Bose, ‘‘Modern Pottery Manufacture’’, 1947, p. 81) also lends support to the con- 
clusion that cations of feldspars are loosely bound and are extractable under suitable 
conditions. These together with the fact that the product, left after eiectrodialysis, 
is but sparingly soluble in acids, do not lend support for accepting that the feldspar 
structure is completely broken. It is proposed to adduce further proofs in the full paper. 

The author takes this opportunity of expressing his indebtedness to Dr. H. N, 
Das Gupta, D.Sc., Professor and Head of the Department of Chemistry, Fuels and 
Metallurgy, Indian School of Mines and Applied Geology, Dhahbad, for guiding him at 
every step with his valued suggestions in the present study. 

BeNnGAL CERAMIC INSTITUTE, 


Govt. or West BENGAL, Received August 18, 1951. 
CALCUTTA. 
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STUDIES IN THE FRIEDEL-CRAFTS REACTION. PART X. 
THE ACTION OF ACETIC ANHYDRIDE ON THE 
ARYLAMIDES OF 8-RESORCYCLIC ACID 


By V. N. ByATNAL AND R. D. DEsAI 


2: 4-Dihydroxybenzamide, -benzanilide, -benz-p-tolylamide, - benz-p-anisylamiide, -benz-«-naphthyl- 
amide and -benz-8-naphthylamides have been prepared and the action of acetic anhydride in presence of 
anhydrous aluminium chloride has been studied onthem. Jt has been observed that there is exclusively 
the #-substitution. The ketones have been characterised by the preparation of their 2: 4-dinitro- 
phenylhydrazones. 


Evidence for Y-substitution in the case of certain resacetophenone derivatives 
has been put forward by Baker and his co-workers (_/. Chem. Soc., 1934, 1684 ; 1935, 
628 ; 1937, 479; Ann. Rep. 1936, 293). Instances of Y-substitution in the case of 
ercinol also exist in literature. Thus it undergoes the Pechmann reaction with 
open-chain as well as cyclic f-ketonic esters giving rise to 5-hydroxycoumarins 
(Y-substitution) as observed by Dey (/. Chem. Soc.,1915, 107, 1614), and Ahmad 
and Desai (Froc. Ind. Acad. Sct., 1937, 5A, 277) although malic acid gives the 
7-hydroxycoumarin (f-substitution). Desai e¢ al. (2b7d., 1938, 8A, 194; 1940, 12A, 
391 ; 1947, 15A, 364) studied the reactions of acid chlorides and anhydrides 
on resorcinol and its derivatives and observed that in some cases 
y-substitution took place simultaneously with -substitution. They also studied 
cases in which 7Y-substitution alone took place. Further, Desai and Miss Radha 
(1bd., 1940, 12A, 46) observed that f-methyl resorcylate underwent f-substitution 
exclusively. Recent observation by Trivedi and Sethna (this Journal, 1951, 28, 245) 
has, however, shown the simultaneous 7-substitution in this reaction. 


In view of the observations that certain groups in position ‘4’ or ‘6’ in the 

resorcinol molecule have a considerable influence on the reactivity of the molecule 
‘with respect to the newly entering group, the study of the reactivity of the 
arylamides of f-resorcylic acid was undertaken. The action of acetic anhydride 
in presence of anhydrous aluminium chloride was studied on (7) 2: 4- 
dihydroxybenzamide, (i) 2:4-dihydroxybenzanilide, (777) 2: 4-dihydroxybenz-f- 
tolylamide, (#7) 2 : 4-dihydroxybenz-f-anisylamide, (v) 2 : 4-dihydroxybenz-«- 
naphthylamide and (v7) 2 : 4-dihydroxybenz-8-naphthylamide. 

The condensation product in the case of 2: 4-dihydroxybenzamide should be 
either 2 : 4-dihydroxy-5-acetylbenzamide (8-substitution) or 2 : 4-dihydroxy-3-acetyl- 
benzamide (Y-substitution). However, the substance on hydrolysis gave an acid 
(m. p. 256°) corresponding to that of 2 : 4-dihydroxy-5-acetylbenzoic acid prepared by 
Liebermann and Lindemann (er., 1908, 41, 1610). On decarboxylation, by heating it 
at its melting point, it gave 4-acetylresorcinol (resacetophenone) the mixed melting 
point of which with an authentic sample was not depressed. The constitution 
of the other compounds was proved by hydrolysing each of the reaction products 
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to the intermediate acid which was found to be the same, zc. 2 : 4-dihydroxy 
5-acetylhenzoic acid (m. p. 256°). Thus, there was exclusively the f-substitution in 
all the cases. The ketones were characterised by the preparation of 2: 4-dinitro- 
phenylhydrazones 


The chelation between the carbamido group and the hydroxyl group which 
brings about the fixation of the double bond between the carbon atoms 
to which these groups are attached and which has been assumed to be responsible 
for Y-substitution by Laiwalla and Shah ( 7. Chem. Soc., 1938, 228, 1828), may be 
destroyed under the conditions employed, thus eliminating the chances for 7- 
substitution. 


ExPERIMENTAL 


Action of Acetic Anhydride on 2 : 4-Dihydroxybenxamide in presence 
of Anhydrous Aluminium Chloride 


2: 4-Dihydroxybenzamide (f-resorcylamide) was prepared by the method 
of Roemer and Degnan (7, Amer. Chem. Soc., 1941, 63, 103). 


Preparation of 2: 4-Dihydroxy-5-acetylbenzamide.—Finely powdered anhydrous 
aluminium chloride (8.6. 2 mols.) and 2: 4-dihydroxybenzamide (5g. 1 mol.) 
(220-221°) were dissolved in dry nitrobenzene (75 c.c.) in a 250 c.c.r. b. flask to 
which acetic anhydride (3.3 g., 1 mol.) was graduaily added. The flask was fitted 
with an air condenser to which a calcium chloride tube was attached and kept 
overnight. It was then heated in an oil-bath at 110° for 6 hours. After cooling, the 
aluminium chloride was decomposed by ice-cold hydrochloric acid. Nitrobenzene 
was steam-distilled and the hot contents were poured into a beaker. On cooling, 
the product separating was filtered and washed free of aluminium chloride (crude, 
yield 5g.). The solid was then crystallised from alcohol in pale brown needles, 
m. p. 246’, yield 40 g. (63%). (Found: N, 6.9. CsH ,O4N requires N, 7.1 per cent). 

Its alcoholic solution gave a wine-red coloration with ferric chloride. It is 
soluble in boiling water as well as in alcohol and acetone and moderately soluble 
in benzene. 

The 2 : 4-dinttrophenyhydrazone was prepared by heating a mixture of 2: 4- 
dihydroxy-5-acetylbenzamide (0.1 g.),2 : 4-dinitrophenylhydrazine (0.1 g.) and 
absolute alcohol (25 cc.) on a water-bath for 8 hours.’ On cooling, deep red 


micrecrystals separated which crystallised from dilute alcohol in deep red plates, 
m. p. above 300. (Found: N, 18.6. C,;H,30,N; requires N, 18.7 per cent). 


Action of Acette Anhydride on 2: 4-Dihydroxybenzanilide in presence of 
Anhydrous Aluminium Chloride 
Preparation of Diacetyl-B-resorcylic Actd.—In a 500 c. c. r. b. flask fitted with 
a water condenser carrying a calcium chloride tube at the free end, B-resorcylic 
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acid (m. p. 216-17 ; 50 g.) and acetyl chloride (125 c. c.) were taken apd refluxed 
on a water-bath at 50-55 for 4-5 hours. On gradual cooling the diacetyl-f- 
resorcylic acid crystallised out. The excess of acetyl chloride was washed off 
by ether while filtering, m. p. 136, yield 54.0 g. 


Preparation of dtacetyl-B-resorcyl chloride was carried out as described by 
Pascu: ( Ber., 1923, 56, 413). Diacetyl-8-resorcylic acid (10 g.) and thionyl chloride 
(15 ¢. c.) were taken in a 100 c. c. r. b. flask fitted with a water condenser 
carrying a calcium chloride tube at the other end and refluxed on a water-bath 
between 70° and 80° for 3 hours. The excess of thionyl chloride was removed 
in vacuum completely. The acid chloride thus obtained was a liquid solidifying at 
—20° and boiling at 170°/12 mm. 


Preparation of 2: 4-Dihydroxybenziniltde—Diacetyl B-resorcylic acid (10 g.) 
was converted into the acid chloride as described above and after the complete 
removal of thionyl chloride, the acid chloride was taken in dry benzene. The flask 
was then fitted with a reflux condenser and a solution of aniline (7. 7 g, 2 mol.) 
in dry benzene was slowly added from the top of the condenser and then fitted 
up with a calcium chloride tube. The mixture was refluxed for 8hours. Benzene 
was then distilled off and the residue was treated with dilute:hydrochloric acid to 
remove the excess of aniline. After the complete removal of aniline, the product 
was gently warmed with 10% alkali (100 c.c.) on a water-bath for an hour. The clear 
alkaline solution after cooling and filtering was poured over ice-cold hydrochloric 
acid with gradual stirring, when a yellow product separated out. This was filtered 
off and washed well with water, yield 8 g. It crystallised from dilute alcohol as 
white, lustrous needles, m. p. 139. (Found: N, 6.0. C;3H,,;03N requires N, 6.1 
per cent). 


Its alcoholic solution gave a violet coloration with ferric chloride. It is very 
soluble in alcohol, acetone and moderately soluble in benzene. 


Preparation of 2: 4- Dthydroxy-5-acetylbenzanilide.—Finely powdered anhydrous 
aluminium chloride (58 g. 2 mols.) and 2 : 4-dihydsoxybenzanilide (5 g., 1 mol.) 
were dissolved in dry nitrobenzene (75c.c.) in a 250 c.c.r. b. flask to which acetic 
anhydride (3.3 g., 1 mol.) was gradually added. The mixture was heated in an 
oil-bath at 110° for 6 hours, and worked up as usual. The black product that 
separated out on cooling was filtered off and washed free of aluminium chloride 
(crude, yield 5.7 g.). The solid was then crystallised from alcohol as a fluffy mass 
which on drying turned brown, yield 42g, m.p. 196. (Found : N, 5.1. C:,;H;304N 
requires N, 5.16 per cent). 


Its alcoholic solution gave a wine-red coloration with ferric chloride. It is 
insoluble in water, but very soluble in alcohol, acetone and sparingly soluble in 
benzene. 

2 : 4-Dinttrophenylhydraxone was prepared by heating a mixture of the 
above anilide (0.1 g.) and 2 : 4-dinitrophenylhydrazine (0.073 g.) in absolute 
alcohol (20 c.c.) for 8 hours. On cooling, orange microcrystals separated out. 
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It crystallised from alcohol in orange plates, m. p. 284-85. (Found : N, 15.3. 
Co,H,,0,N; requires N, 15.5 per cent). 

The 4-tolyl, s-anisyl, «- and 8-naphthyl-amides of 2 : 4-dihydroxybenzoic acid 
were prepared by using the method followed in the case of the anilide. * Similarly 
the action of acetic anhydride was studied in a similar manner. Only the necessary 
details are given where required. All the amides as well as the condensation 
products are easily soluble in alcohol, acetone and acetic acid but sparingly so 
in benzene. 


2:4-Dihydroxybenz-p-tolylamide prepared from 2: 4-diacetylbenzoyl chloride 
(10 g.) and 4-toluidine (9 g.) in 70% yield, crystallised from alcohol in pinkish 
needles, m. p. 178-79°. Its alcoholic solution gave a violet coloration with ferric 
chloride. (Found : N. 5.7. C,4H;303N requires N, 5.8 per cent). 

2 : 4-Dihydroxy-5-acetylbenz-p-tolylamide, prepared by the action of acetic 
anhydride on the above amide, crystallised from alcohol in fluffy mass which turned 
brown on drying. m. p. 256°, yield 62%. Its alcoholic solution gave a wine-red 
coloration with ferric chloride. (Found : N, 46. CygH,;;04N requires N, 4.9 
per cent). 

The 2: 4-d:nttrophenylhydrazone, prepared in the usual manner, was an orange- 
yellow microcrystalline powder, m.p. above 300°. (Found : N, 148. Coo2H;,0,N; 
requires N, 15.0 per cent). 

2 : 4-Dihydroxybenz-p-anisylamide, prepared in the usual manner from 2: 4- 
' diacetoxybenzoyl chloride (10 g.), and f-anisidine (10.3 g.), crystallised from 
alcohol in pale brown needles, m. p. 198°, yield 59%. Its alcoholic solution gave 
a violet coloration with ferric chloride. (Found : N, 53. C,4H,30,4N requires 
N, 5.4 per cent). 

2: 4-Dihydroxy-5-acetylbenz-p-anisylamide, prepared from acetic anhydride 
and the above amide, crystallised from alcohol in fluffy mass, m. p. 268°, yield 44%. 
Its alcoholic solution gave a wine-red coloration with ferric chloride. (Found : N, 
45. Ci¢H505N requires N, 4.7 per cent). 

2: 4-Dinitrophenylhydrazone is an orange microcrystalline powder, m. p. 
above 300°. (Found : 14.5. Cs2H;,0OsgNs5 requires N, 14.6 per cent). 

2: 4-Dihydroxy-benz-4-nophthylamide, prepared from 2: 4-diacetoxybenzoyl 
chloride (10 g.) and «-naphthylamine (12 g.), crystallised from alcohol in lustrous 
needles, m. p. 196-97°, yield 60%. 

2 : 4-Dihydroxy-5-acelylbenz-«-naphthylamide, prepared from acetic anhydride 
and 2 : 4-dihydroxybenz-«-naphthylamide, crystallised from alcohol in a fluffy mass 
which, on drying, became slightly pinkish, m. p. 229°, yield ‘42%. Its alcoholic 
solution gave wine-red coloration with ferric chloride. (Found : N, 43. C;9H,;;04N 
requires N, 4.4 per cent). . 

2:4-Dinitrophenylhydraxone is a reddish orange microcrystalline powder, 
m. p. 265°. (Found: N, 13.6. Cg;H;907N; requires N, 13.9 per cent), 





* 
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2: 4-Dihydroxybenx-B-naphthylamide, prepared from 2 : 4-diacetoxybenzoyl- 
chloride (10 g.) and B-naphthylamine (12 g.) in 60% yield,. crystallised from acetone 
in pale yellow microcrystals, m. p. 252°. Its alcoholic solution gave a violet coloration 
with ferric chloride. (Found : N, 4.9. C,;H),303N requires N, 5.0 per cent) 


2: 4-Dihydroxy-5-acetylbenx-B-naphthylamide, prepared from acetic anhydride 
and the f-naphthylamide, crystallised from alcohol in a fluffy mass which 
turned brown on drying, m. p. 262’, yield 44%. Its alcoholic solution gave a wine-red 
coloration with ferric chloride. (Found: N, 42. C,9H,;04N requires N, 4.4 
per cent.). 


2:4-Dnitrophenylhydraxone is an orange, microcrystalline powder, m. p. 
283-85°. (Found : N, 13.7. Ceo;H;9O,N; requires N, 13.9 per cent). 


DEPARTMENT OF CHEMICAL TECHNOLOGY, 

UNIVERSITY OF BOMBAY AND 

CHEMISTRY DEPARTMENT, Received November 2, 1951. 
L. D. Arts CoLLece & M. R. Scrence Iystirvure, 

AHMEDABAD. 
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THE REFRACTIVE DISPERSIVE POWER OF ORGANIC COMPOUNDS. 
PART VI. THE CAMPHOR-8-SULPHONATES (d- & di-) OF _ 
SODIUM HYDROXIDE, o-, m- AND 4-AMINCPHENOL 
AND o- AND 4- ANISIDINE 


By Bawa KartTar SINGH AND NARINDER SINGH KaPuUR 


The refractive dispersion measurements of the salts of camphor-f-sulphonic acid (d- and dl-) and 
0-, m- and p- aminophenol, 0- and p-anisidine and sodium hydroxide were carried out in aqueous solution 
for 5 wave-lengths in the visible region of the spectrum (a 57084 toa 43584). The results can be 
accurately represented by the Maxwell-Sellmeier equation, using only one term of the summation. 


‘ It fs found that the values of the ‘wave-lengths of the maxima of the “characteristic” absorption 
ands (Ao's) deduced from the present refraction dispersion measurements of these salts are nearly equal 
to those obtained from rotatory dispersion data. 


The effect of replacement of a hydrogen atom of the phenyl group by OH and OMe groups on 
refractive dispersion has been discussed. The values of refractive dispersion of the dextro and the 
racemic salts are identical in dilute solutions. The effect of position isomerism on the shift of the 
“characteristic” ultraviolet absorption bands is also discussed. 


In parts II and V of this series of investigations (Singh ef al., Proc. Ind. Acad. 
Set., 1949, 30A, 140; this Journal, 1952, 29, 49), the refractive dispersion of dextro 
and racemic forms of several salts of camphor-f-sulphonic acid was discussed. 

It has been found that in-all the above mentioned cases, the refractive dis- 
persion equation of Maxwell (Cambridge Calendar, 1869) and Sellmeier (formula I) 


r2 
maaan ys ia gi (1) 


in which only first term of the summation series is taken, namely, 
bpd? 
Sais 0 
n*=a + )2_y,2 ow cn (2) 
holds good. It is very simliar to Drude’s one-term equation for “‘s?mfle” rotatory 
dispersion (Drude, “Lehrbuch der Optick”, 1900). 


In this paper, we record the results of our experiments on the refractive dis- 
persion of the camphor-G-sulphonates (d- and d/-) of six different bases in 1% 
aqueous solution (Tables II to VII) for five wave-lengths (A 43588 to \ 67084). 
It is found that the refractive dispersion of these salts can be satisfactorily expressed 
by the above equation (2) in which dp is the refraction constant, a*, another con- 
stant, and Ao”, the dispersion constant. The values of o's represent the wave-lengths 
of the maxima of the “characteristic” absorption bands. 


It is found that the wave-length of the “characteristic” ultraviolet absorption 
band controlling the refractive and-rotatory dispersion is nearly the same in both 
cases, 
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Gifford’s values for the refractive index of quartz (PAz. Trans., 1902, 70, 239 
_ 1910, 84, 193) for the ordinary ray fit in the following Maxwell-Sellmeier equation : 
‘ 1.003174? 0.8275A? 
n* = 1.35375 + Y2 —0.010627 — A? - 78.22 
in which the values of Ao’s (the wave-lengths of the characteristic absorption bands) 
are those derived from Lowry's equation of rotatory dispersion of quartz (zérd., 
1912, A, 212, 261). 

Pickard and Hunter (/. Chem. Soc., 1923, 123, 434) determined the natural 
rotatory dispersion, refractive dispersion and absorption spectra of d-¥-nonyl nitrite 
and found the following nearly equal values of 9 in the three cases : 36804 (rotatory 
dispersion), 37304 (refractive dispersion), 3670-37204. (direct photographic 
measurements’ of absorption spectra). 

The values of A o's, the wave-lengths of the maxima of the “characteristic” 
absorption bands, in the present work have been calculated from the refractive dis- 
persion equations (Tables II to VII) and are compared with those derived from 
rotatory dispersion equations of Drude and are found to be in fair agreement 
(Table I). The equations of rotatory dispersion of these salts are also reproduced 
in Tables II to VII. 

EXPERIMENTAL 

The compounds studied in this paper were prepared and purified by methods 
already described (Singh and Kapur, Proc. Ind. Acad. Sci, 1951, 33A, 42). The 
refractive indices were determined with a Pulfrich refractometer. Water main- 
tained at 33° to 35 was circulated through the jacketed mount of the observation 
cell containing the solution. The concentration of the aqueous solution of the salt 
was 1% (1.000 g. of the substance dissolved in 100.00 ml. of the solution) in each 
case. The experimental results are shown in Tables II to VII. 

TABLE I 
Comparative statement of values of absolute rotation (Drude’s equ ition), 
absolute refractive index (Sellmeier’s equation), and wave-length of 
the dominant absorption band \Ao) from Drude’s and 
Sellmeter’s equations in &. 





1 2 3 + 5 6 7 8 
No. Camphor-f-sulpho- 36 as : Ao Ae — 
nate of. [4] abs=hy; Mabs = Va? +by(1+a?) ; 
(from (from (mean Diff. of 
, Drude s Maxwell- value of columns 
(Drude's (Maxwell-Sellmeier equation). Sellmeier columns 5 and 6 
equation) for equation) for equation) 5 and 6). ; 
A=,/l+az- A=V1+a;- 
1* Sodium hydroxide 3.933 13338 3743 3740 3741.5 +3 
2 o0-Aminophenol 4.706 1.3329 3354 3360 3357 -6 
3. m-Aminophenol 5.793 1.3319 3241 3254 3247 —13 
4 p-Aminophenol 5.958 1.3322 3300 3317 3308 -17 
5 o-Anisidine 4.774 1.3312 3250 3208 3229 +42 
6 p-Anisidine 5.139 1.3316 3320 3300 3310 +20 


* The values in columns 3 and 5 are taken from Singh, Perti and Singh, Proc. 
Lahore Phil. Soc., 1944, 6, 15 ; University of Allahabad Studies, 1944, p. 37. 
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TABLE II 


Refractive disperson of d-and dl-sodtum camphor-B-sulphonate (water). 


,008988X2 
n?=1,76878 + 3 ee; ho? =0.1399, 
‘ 
85 3.933 


§ (= x9gqaor : 40? =0.1401. 
, »®-0.1401 * “° 


A, (from Drude’s equation) =3743 & ; Ao (from Sellmeier’s equation) =37408. 


No. Wave-length. » (cale.) mn (dextro). ” (racemic). (d-c). (dl-c). (d-dl). 
(d) (d) (dl) 

1 Rlores 1.3348 1.3348 1.3348 +0.0000 40.000 0.0000 

2 Na, so 1.3356 1.3354 1.3354 - 0.0002 —0.0002 40.0000 

3 Hésrs0 1.3358 1.3358 1.3358 0.0000 40.0000 40.0000 

4 Hgs401 13365 1.3367 1 3368 +0.0002 +0.0003 - 0.0001 

5 Ndcare 1.3427 1.3427 1.3427 0.0000 40.0000 40.0000 


§ This equation is taken from Singh et al., Proc. Lahore Phil. Soc., 1944, 6 15; University of 
Allahabad Studies, 1944, p. 37. 


TaBe III 
Refractive disperston of d- and dl-o-antstdine-camphor-B-sulphonate (water). 


0.02838A? 


n?=1.74075+ 49-9 1009 


Ao? =0.1029, 


35 ., 
a . 


A» (from Drude’s equation) =32504% ; A» (from Sellmeier’s equation) = 32088. 





No. Wave-length. n (calc.). m (dextro). n (racemic). (d-c). (dl-c). (d-dl). 
(c) (d) (dl) 

1 Bdeves 1.3330 1.3330 1.3332 +0.0000 +0.0002 ~ 0.0002 

2 Nas<o3 1.3346 1.3342 1.3345 - 0.0004 - 0.0001 - 0,0003 

3 Hés:s0 1.3349 1.3351 1.3348 +0 0002 - 0.0001 +0.0003 

4 Hésse1 1.3357 1.3357 1.3357 4 0.0000 +0.0000 40.0000 

5 Héis58 1.3426 13426 1.3426 +0.0000 +0.0000 40.0000 





§ This equation is taken from Singh e¢ al., Proc. Ind. Acad. Sci., 1951, 33A, 42. 
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REFRACTIVE DISPERSIVE POWKK OF ORGANIC COMPOUNDS 


TasLe IV . 
Refractive dispersion of d- and dl- o- antstdine-camphor-B-sulphonate (water). 
2 
n®=1,747994 {pono ray 5 ho®=0.1089. 
35 5.)39 


5 [x]= A2-0.1102 ; Ao? =0.1102. 


Ae (from Drude’s equation) =3320A4 ; A» (from Sellmeier’s equation) =3300A. 


Ne. Wave-lengcth. n (calc.). m (dextro). (racemic). (d-c). (di-c). (d-dl). 
(c) (d) (di) 

] Liesos 1.3334 1.3334 1.3335 0.0000 +0.0001 ~ 0.0001 

- Nasso3 1.3346 1.3345 1.3345 - 0.0001 ~ 0,0001 40.0000 

3 Hg5750 1.3348 1.3353 1.3353 +0.0005 +0.0005 40.0000 

4 Hgs46) 1.3356 1.3357 1.3356 + 0.0001 40.0000 +0.00U1 

) Fig,3;s 1.3421 1.3421 1.3422 40.0000 +0.0001 - 0.0001 


§ This equation is taken from Singh e¢ al., Proe. Ind. Acad. Sei., 1951, 33A, 42. 


TABLE V 


Refractive dispersion of d- and dl- o- amtnophenol-camphor-B-sulphonate (water). 


2 
n? = 1,75825-+ 9 1ST ; 920.1129. 
mg 8 5 0g? 0.1125. 


§ [<= y2— 0,115 | 


A» (from Drude’s equation) =33544 ; A» (from Sellmeier’s equation) =33604. 


*No. Wave-length. » (calc.). m (dextro). (racemic). (d-c). (dl-c). (d-dl).' 
(¢) (d) (dl) 
1 Ligzys 1.3341 1.3341 1,5341 0.0000 + 0.0000 +0.0000 
2 Nasso3 1.3350 1.3350 1.3350 + 0.0000 + 0.0000 40.0000 
3 Hg;780 1.3351 1.3351 1.3351 40.0000 + 0.0000 +0.0000 
4 Héss0. 1.3358 1.3358 1.3358 40.0000 40,0000 40.0000 
5 ~~ 1.3409 1.3409 1.3408 40.0000 -0 0001 +0.0001 


§ This equation is taken from Singh et al., Proce. Ind. Acad. Sei., 1951, 33A, 42. 
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~ 
TaBLe VI 
Refractive dispersion of d- and dl- m-aminophenol-camphor-B-sulphonate (water). 
v2 
n? =1,75327 + VOUST ; 4,2=0.1059. 
== oer : No = 0.1051, 


S fe] =y2= 9.1051 | 


$ (from Drude’s equation) =3241% ; § (from Sellmeier’s equation) =3254A. 


No. Wave-length. m (calc.). 2 (dextro). n (racemic). (d~c). (dl-c). (d-dl). 
(c) (d) (dl) 

1 Ligros 1.3335 1.3340 1.3340 + 0.0005 + 0.0005 + (0.0000 

2 Na;so2 1.3343 1.3345 1.3344 +0.0002 +0.0001 +0.0001 

3 Hg; 750 1.3345 1.3345 1.3346 0.0000 + 0.0001 - 0.0001 

4 Hgsse 1.3351 1.3352 1.3352 +0.0001 +0.0001 + 0.0000 

5 Hasse 1.3402 1.3402 1.3402 0.0000 + 0,0000 + F000 


§ This equation is taken’trom Singh et al., unpublished data. 


TaB_e VII 
Refractive dispersion of d- and dl- p-aminophenol-.amphor-B-sulphonate (water). 
r2 
n? = 1,74952+ 9 28 ; 4.2 =0.1100. 
ee 5.958 
3 a X2 0.1089 : A»? =0.1089. 


A» (from Drude’s equation) =33004 ; A» (from Sellmeier’s equation) =3317%. 


No. Wave-length. 7 (calc.). mn (dextro). n (racemic). (d-c). (dl-c). (d- dl). 
(c) (d) (dl) 

1 Lig: es 1.3337 1.3340 1.3340 + 0.0003 + 0.0003 + 0,0000 

2 Nasso3 1.3351 1.3350 13351 — 0.C001 + 0.0000 - 0.0001 

3 Hés5-80 1.3354 1.3357 1,3358 +0 0003 + 0.0004 ~ 0.0001 

4 Hégs461 1 3362 1.3361 1.33€0 - 0.0001 - 0.0902 +0.0001 

5 Héguy;3 1 3425 1.3427 1 2423 + 0.0002 + 0.0003 - 0.0001 





§ This equation is taken from Singh et al., Proe. Ind. Acad. Sei. 1951, 33A 42. 
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The Nature of the Racemic Form.—The refractive indices of the dextro and 
racemic forms of the camphor-f-sulphonates (Tables II to VII) are, in the visible 
region of the spectrum for 5 wave-lengths (A 6708 to 4 43584), almost the same 
in 1{ aqueous solution. In the absence of any significant difference in the values 
of refractive indices of the two forms in dilute solution, it is not possible to draw 
any conclusion regarding the nature of the racemic modification. 


The Effect of Chemical Constitution on the ‘Characteristic’ Absorption Band tn 
the Ultraviolet Region.—The mean wave-length of the maxima of the “characteristic” 
absorption band of ammonium camphor-f-sulphonate is 38584 (Singh and Perti, Proc. 
Ind. Acad. Sct., 1945, 22A, 84; Singh and Kapur, this Journal, 1952, 29, 49.). The 
replacement of ammonium (NH,) radical by a stronger alkali radical, Na, causes a 
shift of the band towards the ultraviolet end of the spectrum by 1174 (Table I), 
showing thereby that the stronger alkali group shifts the band to the ultraviolet end 
instead of to the red end of the spectrum. We also find that on replacing a hydrogen 
atom of the ammonium radical by a phenyl group, «-naphthyl group, 8-naphthyl 
group, pyridyl ring, thiazole ring or 6-methoxyquinoline radical, the shift is towards 
the ultraviolet end of the spectrum (Singh e/ al., Univ. Allahabad Studtes, 1944, 37; 
Proc. Ind. Acad. Sct., 1947,26A, 61; 1949, 30A, 140). The order and magnitude 
of this shift in decreasing value in A are :—6-methoxyquinoline (707) > «-naphthyl 
(616) > pyridyl (568) > 8-naphthyl (398) > thiazole (318) > phenyl (245) > sodium (117). 


It is thus clear that the shift is greater in the case of heterocyclic groups than 
for phenyl or sodium radical. 


The Effect of Substitution and Posttion Isomerism on the Wave-length of the 
Characteristic Absorption Band.—The substituent groups arrange themselves in the 
following order of their polar series as deduced from the measurements of their 
induction capacities (Rule, 7, Chem. Soc. 1924, 1122 ) : 

-_ F . 
OCHs, OH, Cl, Br, I, CHs, H, COOH, COCHs, CN, NOz. 

In Table I are recorded the wave-lengths of the maxima of the characteristic 
absorption bands as deduced from the Drude and Sellmeier equations. An arith- 
metic mean value from the two methods is also calculated and is taken as the mean 
wave-length of the “dominant” ultraviolet absorption band of the compound. 


The effect of replacing a hydrogen atom of the phenyl group by CHs, COOH, 
I and SOgNHg¢ (-position only) groups has already been discussed in Part V (doc. cct). 
The data of the present study of the two groups (OH and OCHs3) (Table I) lying on 
the extreme end of the foregoing list towards the negative side are discussed below. 


When we replace a hydrogen atom of the phenyl radical by an electro-negative 
group, OH, we find that the “characteristic” absorption band is shifted very 
considerably towards the ultraviolet end of the spectrum. This shift is greater than 
that due to any of the less electro-negative groups except bromine (Singh e/ a/, 
). Sct. Res., B. A. U., 1950, 1, 136) in the corresponding position isomerides. The 
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telative order of the shift in the three position isomerides containing the hydroxyl 
groups is : m>p>o. 

The substitution of a hydrogen atom of the phenyl radical by the methoxy 
(OCH;) group also shifts the “dominant” absorption band considerably (Table !) 
to the ultraviolet end. The shift is greater than that due to the hydroxy group in 
the ortho position, but almost equal to that in the sara position. 


It is thus seen that the shift of the wave-length of the characteristic absorption 
band towards the ultraviolet end of the spectrum (with the exception of iodine in 
which case the shift is towards the red end) may be correlated with the electro- 
negative character of the group. 

Comparison of * Absolute” Refractive Index and“ Absolute’ Rotation Constant.— 
The effect of dispersion is eliminated from both the Drude and the Sellmeier 
equations by making A?—A,?=1"square micron. The value of refractive index, Mabs., 
in the Maxwell-Sellmeier equation for the wave-length 4, where \= /1+A3, may be 
taken asthe measure of the “absolute” refractive index of the medium in which the 
effect of dispersion is eliminated. 


A comparison of rotation constant, £9, with 


Mars.= /a2+59(1+Ap?), 
however, reveals no simple relationship (Table I) connecting them. 


The authors wish to make grateful acknowledgements to the Uttar Pradesh 
Government Scientific Research Committee for the award of a research assistantship 
to one of them (N. S. K.), to the Banaras Hindu University for providing research 
facilities and to Dr. R. K. Asundi, University Professor of Spectroscopy, Banaras 
Hindu University, for the loan of a Pulfrich refractometer. 
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Oxy CHROMATOGRAMS OF THE AMINO-ACIDS ON VARIOUS GRADES 
P I) OF WHATMAN FILTER PAPERS 
-" D. P. BuRMA 


Chromatography, as influenced by the quality of filter paper, has been studied by using for the 

experiments a number of available grades of Whatman filter papers. Rt values of the amino-acids are 
found to vary with the quality of paper ; the variations are small in case of neutral amino-acids, whereas 
they are large in case of acidic and basic amino-acids. In resolving capacity and in other respects as well, 
Whatman No. 1 filter paper is decidedly the most satisfactory. Grade Nos. 4 and 54 follow next. 
: Nos. 11, 7 and 2 may sometimes be recommended but Nos. 40 and 42 are not suitable at all. Grade No. 
_ 3 MM is meant for special purposes only. : 
i. The technique of paper chromatography was introduced with Whatman No. 1 
be filter paper (Consden ef al., Biochem. /., 1944, 38, 224), since then this grade of paper 
tee is most commonly used. Other grades of filter papers have been used from time to 
time and some of them have yielded excellent results. Consden ef al. (loc. ett.) 
examined such grades as Whatman No. 42, Whatman ‘accelerator’ paper and What- 
man ‘seed-testing’ paper, but none was found to be satisfactory. Whatman No. 4 
filter paper, however, has been satisfactorily employed by them (Consden e/ al., zbid., 
1946, 40, 33, 580) ; the paper markedly speeds up the development of the chromato- 
grams. Swedish workers (Agren and Nilsson, Ac/a Chem. Scand., 1949, 3, 525) 
sh generally use various grades of Swedish brand ‘Munktells’ papers. Bull, Hahn and 
rm Baptist (7. Amer. Chem. Soc., 1949, 71, 550) have used ‘Schleicher and Schuell No. 
rh 507’ and obtained good results. Kowkabany and Cassidy (Amal. Chem., 1950, 22, 
” 817) have examined 75 types of filter papers, for suitability of their use in paper 
chromatography but have published results with only a few of them. 


Whatman filter papers Nos. 1, 2, 4, 7, 11, 3MM, 40; 42 and 54 have been used 
here in chromatography of amino-acids to determine the extent of variation of the 
results with the change in quality of the paper and the suitability of the various 


1 grades for their use in chromatography. 


ExPERIMENTAL 


The general procedure is the same as stated in an earlier communication 
(Burma, this Journal, 1951, 28, 631). For comparative study, chromatography on the 
different grades of pap2r was carried out under identical conditions. The tempera- 
ture of the room was adjusted to 25°+0.5% In spite of the fact that all possible 
care was taken to control the working conditions, Whatman No. 1 was simulta- 
neously developed as ‘control’ with other grades of paper so that any variation, e.g., 
in the state of saturation in the chamber, became at once evident from the ‘control’ 
values. 


Table I records the A: ~values of the amino-acids on various grades of paper, 
developed with phenol, saturated with water, in the descending way. The values 
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recorded for grade No. 1 are averages of the runs made simultaneously with other 
grades of paper. 


R: values of amino-actds on various grades of paper. 


D. P. BURMA 


TABLE 


I 


Developing solvent : phenol saturated with water, descending way. Temp.=25°. 


Amino-acids. 
(a) Acidic : 
Aspartic 


Glutamic 


(b) Neutral: 


Serine 
Glycine 
Asparagine 
Threonine 
Alanine 
Valine 
Tryptophan 
Methionine 
Leucine 
Phenylalanine 
nor-Valine 
nor-Leucine 
isoLeucine 
Cystine* 
Tyrosine* 
(c) Basic: 
Lysine* 
Arginine* 


Histidine* 


*Applied as hydrochlorides and neutralised with NHs vapour. 


The R: values of the amino-acids obtained by development with s-collidine 
saturated with water are recorded in Table II. Due to limited amount of the 
solvent at disposal, the ascending technique was followed with only a selected few 
of the amino-acids, 


No. 1. 


0.18—0 22 
0.30—0.32 


0.37—0.39 
0.42—0.44 
0.42—0.44 
0.50—0.53 
0.56 —.058 
0.76—0.73 
0.76—0.79 
0.79 —0.81 
0.82—0.85 
0.84—0.87 
079—0.81 
0.86 — 0.89 
0.86—0.89 
0.26 - 0.31 
0.61—0.67 


0.53—0.59 
0.45—0 55 
0.71—0.76 


No. 2. No. 42. No. 40. No.7. No. 11. 


0.20 
0.31 


0.38 
0.43 
0.43 
0.50 
0.55 
0.77 
0.82 
0.79 
0.84 
0.86 
* 0.78 
0.85 
0.85 
0.33 
0.60 


0.54 
0.40 
0.68 


0.30 
0.40 


0.38 
0.41 
0.41 
0.50 
0.54 
0.75 
0.75 
0.81 
0.85 
0.85 
0.77 
0.86 
0.85 
0.27 
0.50 


0.45 
0.43 
0.66 


0.3) 
0.41 


0.41 
0.46 
0.51 
0.58 
0.63 
0.80 
0.84 
0.85 
0.87 
0.91 
0.90 
0.92 
0.93 
0.39 
0 40 
051 
0.35 
0.66 


0.19 
0.30 


0.40 
0.43 
0.47 
0.52 
0.58 
0.82 
0.75 
0.81 
0.84 
0.85 
0.82 
0.89 
0.85 
0.34 
0.60 


0.46 
0.34 
0.61 


0.15 
0.24 


0.40 
0.45 
0.43 
0.56 
0.59 
0.84 
0.78 
0.81 
0.80 
0.83 
0.80 
0.85 
0.83 
0.35 
0.55 


0.60 
0.30 
0.65 


No. 4. No. 54. No. 33MM. 


0.16 
0.22 


0.43 
0.47 
.050 
0.53 
0.61 
0.82 
0.86 
0.82 
0.90 
0.84 
0.84 
0.88 
0.90 
0.31 
0.62 


0.51 
0.51 
0.66 


0.30 
0.40 


0.39 
0 43 
0.44 
0.55 
0.60 
0.79 
0.83 
0.81 
0.88 
0.91 


0.82 


0.90 
0.86 
0.34 
0.47 


0 47 
0.33 
0.46 


0.19 
0.29 


0.47 
0.51 
0.49 
0.65 
0.62 
0.86 
0.90 
0.81 
0.86 
0.87 
0.88 
0.92 
0.94 
0.34 
0.70 


0.55 
0.55 
0.73 
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CHROMATOGRAMS OF THE AMINO-ACIDS 


TABLE II 


R: values of amino-acids on various grades of paper. 


Developing solvent : s-collidine saturated with water, ascending way. Temp.=25°. 


Amino acids. No.1. No. 2. No. 7. No. 4 No. 54. No. 40. No. 42. No. 11. No. 33MM. 


(a) Acidic: 

Aspartic 0.04 0.03 0.04 0.05 0.09 0.07 0.06 0.06 0.08 
(b) Basic: 

Lysine* 0.02 0.01 0.01 0.01 0.01 0.01 0.01 * 0.03 0.02 
(c) Neutral: 

Glycine 0.08 0.05 0.05 0.06 0.07 0.07 0.04 0.09 0.10 
Alanine 010 0.08 0.07 0.09 0.10 0.10 0.07 0.11 0.12 
Proline 0.12 0.09 0.09 0.10 0.11 0.10 0.08 0.13 0.13 
Valine 0.20 0.17 0.17 0.20 0.20 0.19 0.16 0.21 0.24 
a 0.25 0.20 0.18 0.24 0.23 0.18 0.20 0.24 0.28 
Leucine 0.30 0.28 0.25 0.32 0.31 0.27 0.28 0.36 0.36 
nor-Leucine 0.34 0.30 0.25 0.37 0.32 0.31 0.29 0.39 0.40 
Tyrosine* 0.44 0.37 0.37 0,40 0.35 0.41 0.45 0.48 0.44 
Phenylalanine 0.39 0.36 0.32 0.39 0.33 0.34 0.33 0.48 0.43 


* These were applied as hydrochlorides and neutralised with NH g vapour. 


Table III records the separability of the amino-acids on the different grades 
of paper. A mixture of ten amino-acids was so prepared that it contained amino- 
acids of acidic, basic as well as neutral character, of low, medium and high 2; 
values, of close and distant Rs values (signifying inseparability and separability). 
This mixture was subjected to unidimensional descending chromatography on the 
different grades of filter paper with phenol-water as the developing solvent. The 
R: values of the spots so formed are recorded in this table. The second column 
shows the individual A: values of the amino-acids on Whatman No. 1 for compari- 
son as well as for the identification of the spots. Since the mixture was acidic it 
was neutralised with NH; vapour after application on paper. 
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TABLE III 


Separability of the amino-acids on various grades of paper. 


Developing solvent : phenol-water, descending way. Temp.=25°. 


Amino-acids Individual Rt Rt values in form of mixture. 

used in form values on. 

of mixture. 

No. 1. No.l. No.2. No.4. No. 54. No.7. Noll. No. No. 40. No. 42. 
383MM. 

Aspartic acld 0.18 0.19 0.21 0.17 0.29 0.20 0.15 0.18 0.27 0.27 
Glutamic acid 0.26 
Cystine oe} 0.34 0.35 0.33 0.36 0.35 0.30 0.33 0.30 0.30 
Glycine 0.42 0.40 0.42 0.47 0.45 0.41 0.44 0.43 0.41 0.41 
Lysine 0.53 0.49 ) 3s . 
poe 0.58 0:53 $ 0.56 0.63 0.63 0.56 0.59 0.57 0.56 0.54 
Arginine 0.65 ) 
Valine 0.76 | = ve 
ee 0.79 f 0.76 0.77 0.84 0.82 0.75 0.79 0.80 0.78 0.73 
Phenylalanine 0.84 } 


* The spot corresponding to this Ri value has the tendency to separate into two, but does not 
actually do so. 

Table IV is a comparative chart of the characteristics of the different grades 
of paper, over and above those stated in the foregoing. Tle last two columns 
indicate the final conclusions as regards the usefulness of these papers for chromato- 
graphic separations. The weight per sq. cm. of paper even in case of the same grade of 
paper was found to vary. The values recorded in column 2 are averages of a large 
number of determinations ; from these values a comparative idea of the thicknesses 
can be obtained. The third column gives the flow-rate of phenol along the papers 
(descending way), the distance run on grade No.1 (as control) in the same time is 
given in parenthesis for comparison. 


TaBLeE IV 
General characteristics of the different grades of paper. 
Grade of W. of paper Nature of the 
paper. (g./sq. cm.) Flow-rate. chromatogram. Conclusion. 

No. 11 0.0070 35cm.in15hrs.(33cm.) Well-defined & compact Suitable 

No. 7 0.0082 36 in 19 hrs. (26cm.) Diffuse May be used but not 
suitable 

No. 4 0.0089 45 in 11 (28 cm.) Well defined Suitable 

No.1 0.0089 Well defined Decidedly the best 

No. 54 0.0092 40 in 8 (25 cm.) Mostly diffuse May be used but not 
suitable 

No. 40 0.0095 48 in 23 (48 cm.) Greatly diffuse Unfit 

No. 2 0.0098 41 in 19 (42 cm.) Well defined Suitable 

No. 42 0.0102 22 in 14 (32 cm.) Greatly diffuse Unfit 

No. 3MM 0.0179 31 in 7 (22 cm.) Well defined & compact. Suitable only for special 


purpose 








Ss > we 


< 








not 








CHROMATOGRAMS OF THE AMINO-ACIDS 


DISCUSSION 


It is obvious from the vajues recorded in the above tables (Tables I & II) that 
the A: values change with change in quality of the paper but the values of the 
neutral amino-acids in general are less affected by this change. A: values of the 
acidic amino-acids, however, vary considerably but those in the case of the basic- 
amino-acids show maximum discrepancies. No general sequence of A: values is 
noticeable with regard to the various grades of paper. 


According to the relationship arrived at by Consden eé/ a/. (1944, loc. czt.) Re 
value depends upon both Ax/As and 4, the partition coefficient. The water adsorbed 
depends upon the texture of the filter paper, z. ¢, mean porosity as well as weight 
per sq.cm., which are likely to vary with the grade. The ratio of the areas of 
cross-section of the mobile and immobile phases (Ax1/As) will thus change with the 
change in quality of the paper. Further, the partition coefficient of the ‘amino-acids 
will depend on their solubilities in these two phases, which will vary with the change 
in composition of the phases formed. 


From Table I it is clear that the A: values of the neutral amino-acids on 
grades No.1, 2,11 and 7 are almost the same. There isa slight variation, however 
in the case of acidic amino-acids ; RX: values in these cases are found to be somewhat 
lower on Nos. 11 and 7 than those on Nos. 1 and 2. No stress is laid on the A: values 
of the basic amino-acids which show large and irregular variations. This is clear 
from the values recorded in the second column of Table L A: values of the 
neutral amino-acids on grade No. 3 MM, which is the thickest variety, are found 
to be highest, but the A: values of the acidic amino-acids are found to be slightly 
less. Of the rough varieties of paper, No. 42 yields A: values almost the same as 
on No. 1, but those on No. 40 are found to be somewhat higher, Grade No. 54, ‘a 
hardened paper’ and grade No. 4 record high A: values with the neutral amino- 
acids. With acidic amino-acids, grade No. 54 shows high A: values, whereas low 2: 
values are obtained by using grade No. 4 paper. 

The above observations on chromatograms developed with phenol-water apply 
more or less equally to those developed with collidine-water. A: values on grade 
No. 3MM are found to be the highest as before. No. land No. 2, however, differ 
slightly. Of the rough varieties of paper, No. 40 yields high -and No. 42 low Rs: 
values. As values on No. 11 are high in this case and close to those on No. 3MM 
though the former represents the thinnest variety. A: values on No. 4 correspond 
to those on No. 1 and the values on No.7 correspond to those on No. 2. It should 
be mentioned that the comparison between the two solvents is limited by the fact 
that in the case of collidine-water the ascending method was adopted, whereas the 
descending method was followed in the case of phenol-water. 

The resolving capacities of the various grades of paper are evident from the 
results given in Table III. The individual RX: values on No. 1 clearly indicate that the 
three combinations (bracketed together) glutamic acid and cystine ; lysine and alanine ; 
arginine, valine, methionine and phenylalanine are inseparable by means of one-way 
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chromatography with phenol; hence five spots will appear on the chromatogram 
corresponding to the ten amino-acids present in the mixture. It must, however, 
be noted that the A: values are greatly altered when a mixture is chromatographed. 
This will be clear from the values recorded in the third column for grade No. 1, on 
which six spots instead of the expected five could be identified. The other grades 
of paper showed five spots only. On grade Nos. 4 and 54, however, the fourth 
spot shows a tendency to separate into two, but a complete separation is not 
effected. The A: values of the corresponding spots vary considerably with the 
grade of filter paper. The results clearly indicate that Whatman No. 1 has the best 
resolving capacity for the amino-acids compared to the other Whatman varieties 
used in the present study. Whatman Nos. 4 and 54 appear to be better than the 
rest in this respect, which differ practically little in their resolving capacities for the 
amino-acids. 

The nature of the chromatogram should be of first and foremost consideration 
for ascertaining the suitability of paper for chromatography. The amino-acid spots 
on Nos. 11, 4, 1, 2 and 3 MM grades of Whatman filter paper are found to be well 
defined ; those on Nos. 11 and 3 MM, the ‘thinnest’ and ‘thickest’ varieties respec- 
tively, are found to be somewhat compact. Grade Nos. 7 and 54 may be used but 
are not entirely satisfactory for chromatography. Grade Nos. 40 and 42, the 
rough grades, form too diffuse spots to qualify them for chromatographic purposes 
(vide Table IV). 


Since the time required for the development of the chromatogram is generally 
long, the rate of movement of the solvent up or down the paper counts much 
when speediness in working is urged upon. Grade No. 54 combines high rate of flow 
and toa large extent other desirable qualities for chromatography. Grade No. 3MM 
is also a ‘fast’ paper but otherwise too heavy to be of general service. Grade Nos. 
4and7 come next, the flow-rate in both being ‘faster’ than in case of No. 1, the 
standard grade. Grade No. 1 is a medium running paper similar to Nos. 11 
and 2. 

The author's sincerest thanks are due to Dr. J. K. Chowdhury, Head of the 
Department and Dr. B. Banerjee, Senior Research Fellow for valuable suggestions 
and to Dr. S. K. Mukherjee, Lecturer, University College of Science and Technology 
for criticism and discussion. The author takes this opportunity to acknowledge with 
thanks a supply of various grades of Whatman filter papers, free of cost, by the 
‘General Chemical and Pharmaceutical Co. Ltd.,’ Judex Works, Wembley, London. 
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STUDIES ON THE VISCOSITY OF EMULSIONS 


By R.-K. Ngocy Anp B. N. GHosH 


Viscosity of emulsions, o/w type, stabilised with three cationic soaps, and that of an emulsion of w/o 
type, stabilised with magnesium oleate. have been measured in a rotary viscometer of the Couette type 
at different proportions by volume of the dispersed phase at 30°. The data obtained for the emulsions 
using the cationic soaps agree with the equations of Sibree and Richardson, but those obtained for the w/o 
type emulsion using Mg oleate as the stabiliser agree better with a slightly modified form of Richardson's 
than with Sibree’s equation. The data obtained by us also indicate that phase reversal of an 
emulsion is accompanied by an abrupt change in viscosity. 


The theory and practice of viscometry of liquids are based on Newton's 
hypothesis that Fxdv/dz or F=ndvldz, where F is the shearing stress ; dv/dz, the 
velocity gradient (zc. a measure of the rate of shear) and », the coefficient of viscosity. 
Thus, the curve of F against dz/dx should be a straight line passing through the 
origin. For many pure liquids and true solutions this relationship holds, but the 
nature of the curve changes for colloids, emulsions and similar fluids. For 
these systems the curve cuts the shearing stress axis at some positive point, which 
has been termed ‘yield value’ by Bingham (U. S. Bur. Standards, 13 Scientific papers, 
278, 1916). It may be defined as “the smallest load under which a given substance 
will obtain permanent deformation and will begin to flow and before this, generally 
speaking, it will behave non-elastically”. These systems have been termed non- 
Newtonian fluids to differentiate them from normal liquids and true solutions. 
In case of non-Newtonian fluids the viscosity is not a constant quantity but varies 
with the rate of shear and shearing stress, so the viscosity is calculated from the 
Bingham equation, 

AL = doldi, 


where /is taken to be the yield value. 


The anomalous viscous behaviour of colloidal systems has been noticed by 
Garret and Denning (cf. Hatschek, “Viscosity of Liquids”), Hatschek (Xo/lotd Z.. 
1926, 40, 53), Herschel and Bulkley (Proc. Amer. Soc. Test Mat. 1926, 26. 
ph2), Hatschek and Jane (KXollotd Z., 1926, 40, 53), and many others. They 
have, however, observed that after a certain shearing stress the relation between the 
shearing stress and the strain becomes linear. In our experiments, therefore, we 
have measured the viscosities in the region where this linear relationship 
holds good. 

Various viscosity equations for colloidal systems have been proposed from 
time to time. Einstein (Ann. Phystk, 1906, 4, 19, 289), on the basis of hydrodynamic 
principles and on the assumption that an emulsion may for mathematical treatment be 
taken as a suspension of rigid spheres in a viscous liquid, deduced the equation, 


2=1o(1+2.5¢) 
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where 7 is the viscosity of the emulsion ; 70, the viscosity of the dispersion medium 
and ¢, the total volume of the dispersed phase per unit volume of the emulsion. 
The equation does not take into account the viscosity of the dispersed phase. 
Taylor (Proc. Roy. Soc. 1932, A, 38, 42) tried to improve the equation by 
introducing a new term which led to the equation, 
” 1 +2/5n0 
— = 14+25 —, 
No 7 +1 
where 7 is the viscosity of the dispersed phase and z has same significance as ¢. 
Both the equations, however, hold only in the case of very dilute emulsions and 
colloids. 
Arrhenius (Z. phystkal. Chem., 1887, 1, 287) has postulated the equation 
log 7° = KG, 
where 7 is the viscosity of the solution of concentration C, relative to that of 
the pure solvent. The concentration term may be replaced by ¢, the phase ratio and 
K is a constant. Joshi (Zrams. Faraday Soc. 1925, 20, 512) repérts that his 
experimental results are in better agreement with the equation of Arrhenius than that 
of Einstein. 


An equation for the viscosity of concentrated emulsions was put forward 
by Hatschek (KXollord Z., 1911, 8, 84), 


=» [Gaye] 

2=No 1 = Sig ’ 
where v has the same significance as ¢ Sibree (7ramns. Faraday Soc., 1920, 26, 26; 
1931, 27, 161) measured the viscosity of paraffin oil—water emulsions. From his 
results he concluded that Hatschek’s formula could be much improved if 7 is 
multiplied by a factor, termed by him the hydration factor. Thus, Hatschek’s 
formula, modified by Sibree, becomes 
ee | rE 

1-Vho ' ° 

the value of A has been found to be 1.3. Sibree has, however, pointed out that his 
equation tallies with the experimental results only when the concentration of the 
dispersed phase is 50% or higher. Experimental results obtained by Sibree led him 
to the conclusion that the nature of the dispersed phase had no effect on the viscosity 
of the emulsion, a conclusion in agreement with Hatschek's equation also. 


goa 


Another exponential equation for the viscosity of concentrated emulsions has 
been suggested by Richardson (Kollozd Z., 1933, 65, 32), 





In —— = K#, 
/] 


0 
where X is a constant. Broughton and Squires (/. Phys. Chem., 1938, 42, 253) measured 
the viscosity of several‘ systems in which the dispersion medium consisted of dilute 
solutions of saponin, sodium oleate and triethanolamine oleate in water and the 
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dispersed phase of benzene, nujol and olive oil. They have concluded that Richard- 
son’s equation agrees better with their experimental data than those of Hatschek 
and Sibree. They have also observed that viscosity of an emulsion system depends 
to some extent on the nature of the dispersed phase but “No generalization can be 
made as to the influence of the viscosity of the dispersed phase on the resulting 
viscosity of the emulsion.” 


Joshi (oc. cz#.) has also measured the viscosity of dilute emulsions, stabilised with 
sodium oleate, potassium oleate, potassium stearate etc. in an Ostwald viscometer and 
has concluded that the viscosity ofan emulsion does not depend on the specific 
nature and concentration of the emulsifier. The results of Broughton and Squires 
(Joc. cit.), however, indicate that the viscosity of an emulsion does depend on the 
nature of the emulsifying agent, thus the viscosity of 70% nujol-water emulsion, 
stabilised by saponin, is 13 times higher than the viscosity of the same system, 
stabilised by triethanolamine oleate. 


In view of the contradictory results obtained by different authors we have 
undertaken an investigation on the effect of (a) the phase volume ratio, (4) of 
different emulsifying agents, and (c) of the nature of the dispersed phase on the 
viscosity of emulsions. The different viscosity equations, mentioned above, have 
also been subjected to experimental test. 


ExPERIMENTAL 


Soaps used were cetyldimethylbenzylammonium chloride, cetylpyridinium 
bromide, cetyltrimethylammonium bromide and magnesium oleate. The first three 
cationic soaps were obtained from Messrs Eastman Kodak Company, and magnesium 
oleate was prepared by the metathesis of sodium oleate and magnesium chloride 
(cf. Pink, Zrans. Faraday Soc., 1941, 37, 168), sodium oleate itself being prepared by 
Berkman’s method (/. Phys. Chem., 1935, 39, 528). The cationic soaps give olw 
emulsion and xylene was taken as the dispersed phase. The xylene used was frac- 
tionally distilled over fused CaCle. Magnesium oleate gives w/o emulsion. Emul- 
sions have been prepared by Briggs method (/. Phys. Chem. 1920, 24, 120) and 
although intermittent shaking is known to be more efficient than continuous shaking, 
yet we have made our emulsions by continuous shaking with hand. Requisite 
volumes of the dispersed phase and the dispersion medium were taken in a clean dry 
bottle and then shaken till the emulsification was complete. 


Viscosity has been measured in a rotary viscometer in which the outer cylinder 
is rotated while the inner cylinder is held suspended by a fine wire from a graduated 
torsion head which can be read to 0.1 degree. A centering device is attached to 
the torison head. A small circular mirror is attached to the wire just above the 
inner cylinder. The position of the cylinder is read by noting a spot of light 
reflected from it on a scale by means of the usual lamp and scale arrangement. 
The arrangement thus enables the position to be read with considerable accuracy. 
The outer cylinder is rotated by means of a speed controlled motor through a set 
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which can read up to 1000 r. p. m. to an accuracy of + }r.p.m. To take an actual 
measurement the outer cylinder is screwed to its position, the inner cylinder sus- 
pended inside it and the space is completely filled with the liquid under examination 
so that it entirely submerges the inner cylinder. After proper centering the position 
of the light spot on the scale is taken to be the zero position. Now, the outer 
cylinder is rotated at a definite speed. The inner cylinder gets angularly displaced 
from its position. By means of the torison head the inner cylinder is rotated till it 
comes back to its old position as marked by the light spot returning to the zero 
position. The angle through which the torison head has been rotated gives the 
torque, which multiplied by a factor 0.2575 (explained below), gives the shearing 
stress. The rate of revolution multiplied by a factor 0.4622 (explained below) 
gives the rate of shear. Viscosity is given by the equation, 
Shearing stress —/ (yield value) 
Rate of shear 
The shearing stress is plotted against the rate of shear, the intercept, when the rate 
of shear is zero, gives the yield value which is zero for Newtonian liquids. Viscosity 
in c. p. is then calculated from experiments from the formula, 
Shearing stress — 

~~ Rate of shear £ x 100. 

Rate of shear in a concentric cylinder viscometer is given by 
#S,_ Rei 
15 R,? — R, 3 

where S is the number of revolutions per minute, 2, the radius of the inner cylinder 
and Ro, that of the outer cylinder. 
Shearing stress =27?m.Q/7?.360.L, where m is the weight and Z is the length of 
the inner cylinder and Q, the torque. 
For the particular instrument, R; =1.49 cm., Rp=2.015 cm., Z=9.16 cm., m=2095 g., 
and Z7=2.207 secs. 
Substituting the values we get, 
Rate of shear=0.4622 S and shearing stress=0.2575 Q. 


Temperature regulatton.—Considerable difficulty was encountered in carrying out 
the measurement of viscosity in this type of apparatus at definite temperatures. It 
is not possible to place the viscometer in a thermostat. We therefore made a 
trough round the outer cylinyer (the gap between the outer walls of the cylinder 
and the trough being roughly 3-4 mm.), filled it with water and made a thermostatic 
arrangement there. Before an experiment started the water in the trough was heated, 
the emulsion poured in the outer cylinder and the inner cylinder was suspended 
in it. The temperature of the trough was so adjusted that the temperature of the 
emulsion remained at 30°. This type of thermostatic arrangement has one obvious 
difficulty that in order to maintain the temperature of the emulsion at 30°, the thermo- 
regulator is to be adjusted frequently. Since the transfer of heat from the trough to 
the outer cylinder is only by convection and radiation, the change in the temperature 
of the trough by 0.1° or 0.2° does not affect the temperature of the emulsion appre- 
ciably during the period of the measurement. 
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Rate of shear. 


amounts of conductivity water. 


577 


With a view to testing the accuracy and precision of the apparatus we have 
measured the viscosity of 40% and 60% (by weight) of canesugar solution prepared 
from accurately weighed amounts of sugar (E. Merck’s reagent grade) in calculated 


The results obtained are found to be within 1% 
of the standard values, thus proving the reliability of the apparatus. 


In the following table data obtained with different soaps are summarised. 
Several experiments were performed with each emulsion. 
minimum values of the shearing stress, rates of shear and viscosity for each emulsion 
The yield value, the volume composition and the mean viscosity are 
data 


The maximum and 


indicate that the maximum viscosity is not necessarily 


TABLE I 


Shearing stress 





Min. 


19.87 
21.72 
13.86 

6.47 
13.86 
12.02 


22.64 
15.25 
16.18 
14.33 
11.09 
12.94 
10.63 


20.80 
18.95 
13.40 
15.71 
15.25 
14.79 
13.86 


8.32 
13.£6 
12.94 


4.62 ~ 


10.63 


cece 


Max. 


Max. 


——_—_—s e- 


Viscosity in 


c.p. 
ath 





Min. 


Max. 


_ 
Mean. 


A. 1% Cetyldimethylbenzylammonium chloride—xylene system. 


51.76 30.90 74.70 1.44 1.55 
40.67 56.00 103.00 2.16 2.33 
45.76 51.50 144.20 2.93 2.99 
38.83 43.77 185.40 4.41 4.60 
37.89 115.90 272.90 6.64 6.92 
41,59 195.70 520.00 10.34 10.96 
B. 1% Cetylpyridinium bromide—xylene system. 
55.46 66.90 141.70 2.36 2.51 
42.98 61.80 146.80 3.07 3.12 
42.98 90.10 216.20 4.33 4.56 
38.83 129.00 303.00 6.86 7.03 
28.65 193.20 383.70 10.95 11.45 
32.35 489.00 1004.00 26.19 26.40 
31.89 1262.00 2565.00 61.63 62.53 
C. 1% Cetyltrimethylammonium bromide—xylzne system. 
43.47 33.00 67.00 1.53 1.60 
45.29 49.00 103.00 2.05 2.11 
38.36 51.50 128.70 2.87 3.04 
45.76 90.00 216.00 4.39 4.77 
32.35 152.00 278.00 7.21 7.36 
37.89 211.00 479.00 11.50 11.64 
38.36 438.00 1133.00 27.92 28.59 
D. 1% Magnesium oleate—water system. 
30.96 54,00 144.00 4.00 4.09 
30.04 211.00 324.00 6.56 6.79 
27.27 415.00 541.09 8.83 8.89 
26.34 542.00 834.00 13.42 13.60 
27.73 44.00 82.00 2.16 2.26 


1.50 
2.23 
2.98 
4.50 
6.77 
10.64 


2.43 
3.09 
4.42 
6.93 
11.23 
26.31 
62.10 


1.56 
2.07 
2.96 
4.61 
7.32 
11.57 
28.18 


4.05 
6.69 
8.85 
13.49 
2.20 


Yield value. 


0.0 

0.08 
0.10 
0.14 
0.20 
0.70 


0.10 
0.15 
0.20 
0.30 
0.70 
150 
6.00 


0.0 

0.10 
0.12 
0.15 
0.40 
0.40 
0.50 


0.20 
1.20 
3.00 
4.80 
0.20 
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It is evident that the viscosity increases with the increased concentration of 
the dispersed phase, specially at high concentrations. Yield values also rise abruptly 
at a concentration of 70-80% volume of the dispersed phase. With the three cationic 
soaps the viscosity of the resulting emulsions does not differ much at any given phase 
volume ratio, e. g., the viscosity corresponding to 20% xylene are 2.43, 2.23 and 
237c.p. It may therefore appear that viscosity is primarily dependent on the 
phase volume ratio and the role of the dispersion medium is secondary, but it is not 
so as will be seen in the next paper. The proximity of the viscosity values with 
these three soaps are due probably to the very similar nature of the soaps. 


Magnesium oleate emulsions have been prepared by dissolving magnesium 
oleate in benzene, adding the requisite volume of water into it and shaking. It 
gives rise to w/o emulsion. With magnesium oleate as emulsifier, a peculiarity 
is observed; the viscosity of the emulsion falls from 13.5 at 50% to 2.20 at 60%, 
whereas we expect an increase of viscosity. This sudden drop is due to phase 
reversal, z. ¢., the emulsion has changed to o/w type from the original w/o type. 
Thus, viscosity measurement provides a method for detecting the phase reversal 
in an emulsion. With magnesium oleate as emulsifier, 60% and 70% emulsion (w/o 
type) can be produced if the water is added in small lots, instead of adding all at 
once, the second lot being added after the first has been emulsified, and so on. In 
this way 60% and 70% emulsions have been prepared and their viscosities and yield 
values have been found to be 17.12, 24.20, 6.8 and 7.0 respectively. Thus, in preparing 
concentrated emulsions it is practically always a golden rule to add the dispersed 


phase in stages. 


DISCUSSION 


We shall now apply our experimental data to the viscosity equations discussed 
at the beginning of the paper and see which fit our expermental data best. All the 
equations take into account the viscosity of the dispersion medium. Sibree (Joc. ctt.) 
as well as Freundlich and Jores (XKollotd Z., 1925, 36, 241) have shown that the 
viscosity of dilute soap solutions does not vary with the velocity gradient. Thus, we 
have measured the viscosity of soap solutions at 30° in an Ostwald viscometer and 
found cationic soaps (1%), 0.8482 c. p. and magnesium oleate (1%), 0.6609 c. p. 


We shall first discuss Einstein's and Hatschek’s equations; since the three 
cationic soaps have the same viscosity and the resultiug emulsions have also nearly 
the same viscosity, we will only consider two systems. The following tables give 
the values calculated from Einstein's and Hatschek’s equations. 

Tables II and III show that the observed and calculated values differ widely, 
specially at a high concentration of the dispersed phase. Furthermore, for emulsions 
stabilised with magnesium oleate (Table III) the discrepancy between the observed 
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TABLE II 


Cetylpyridinium bromide (in water)-xylene system. 








% Oil. Viscosity calculated from Viscosity observed. 
” Bitsstein's equation. ~ Hatschek’s equation. . 
20 1,273 2.043 2.43 
30 1.485 2.565 3.09 
40 1.696 3.223 4.42 
50 1.908 4. 113 6.93 
60 2.120 5.420 11.23 
70 2.332 7.573 26.31 
80 2.544 11.83 62.10 


TABLE III 


Maenestum oleate (in benzene)-water system. 











% Water. Viscosity calculated from Viscosity observed. 
7 Einstein's equation. ” Hatschek’s equation. 
20 0.991 1.827 4.05 
30 1.156 2 449 ; 6.69 
40 1,322 3.374 8.85 
50 1.487 4.939 13.49 
60 1.652 8.324 . 17.12 


and the calculated values is even greater than that for the other systems mentioned 
above. 


It will be noticed that Taylor’s equation, 


1 2 
n n +520 
=1+2.5 ac ¢ 
No n' +n 


»', the viscosity of the dispersed phase, differs from that of Einstein's equation in 
containing an extra factor, 

142 

n* +520 , 

n' +10 
which when evaluated for magnesium oleate-water system comes out to be approxi- 
mately 0.73, and in fact, it will be always less than 1. Thus, Taylor's equation becomes 

1_=1+25x0.73Xz, 


0 
Einstein's equation gives values which are far below the observed ones and Taylor's 
equation will therefore give still smaller values. Arrhenius equation, log 7'=XC, 


4 
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is practically a special form of Richardson's equation. The equations of Batschinski 
and Baker are empirical in nature and Hess's equation has more or less the same 
form as that of Hatschek, and hence, their applicability has not been separately 
discussed. 


We shall next consider Sibree’s modification of Hatschek’s equation and 
Richardson's equation. Sibree’s equation can be put in the form 
log —— log (1- Vaz). 
0 
Tables IV and V give the observed and the calculated values for the two systems 
viz., xylene-water stabilised with cetylpyridinium bromide and water-benzene 
stabilised with magnesium oleate. 


TABLE IV 


Cetylpyridinium bromide-xylene system. 


% Oil. Observed values Calculated values of log 9/%, from 
of log 7/”,. Sibree’s equation. Richardson's eqn. 

(h=13) (K =184). 

20 0.457 0.442 0.368 

30 0.559 0.569 0.552 

40 0.717 0.708 0.736 

50 0.912 0.873 0.920 

60 ' 1.122 1,100 1.105 

70 1,492 1.510 1.289 

TABLE V 
Magnesium oleate-water system. 
% Water. Observed values Calculated values of log 7/1 from 
of log 7/,. Sibree’s equation Richardson's equation Richardson's equation 
h=1,3. K =2.82°. modified. K=1.43, C=0.56 

20 0.787 0.442 0.564 0.846 
30 1.005 0.569 0.845 0.989 
40 1.127 9.708 1,127 1.132 
50 1.310 0.873 1.410 1.275 
60 1.413 1.100 1692 1.418 
70 1,564 1.510 1.974 1.561 


* Value of K has been calculated from 40% emulsion. 


It will be evident that Sibree’s equation approaches the observed values more 
and more as the concentration of the dispersed phase increases. Sibree himself 
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ski has pointed out that his equation should be applicable to systems in which the 
ne dispersed phase has a volume concentration of at least 50%. Thus, the emulsions 
aly stabilised with cationic soaps appear to follow Sibree’s equation within its limits. 

The picture is, however, not so satisfactory with magnesium oleate stabilised 
nd emulsions. Here the observed and the calculated values approach each other 


at a volme concentration 70%, while in all other cases they differ widely. 

According to Richardson's equation Iny/7 against ¢ should give a_ straight 
line passing through the origin. It will appear from Fig. 1 that for emulsions stabili- 
ms sed with cationic soaps the straight lines actually pass through the origin. From 
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the data recorded in Table IV for the system stabilised with cetylpyridinium 
bromide, the observed values agree both with the equations ‘of Sibree and Richard- 
son. Sibree’s equation is slightly in better agreement with experimental data than 
Richardson's. Similar agreements are also noticed in the case of the other two cationic 
56 soaps used. For emulsions stabilised with magnesium oleate, however, the straight line 
! obtained by plotting Iny/no against # does not pass through the origin but cuts 
the ordinate at some positive point. This means that for this system, 4 

7] (Kp +C) 

No 7 
and Richardson's, equation cannot be correctly applied to this system. When C=O, 
for a system, then this equation reduces to Richsrdson's equation. The value of *C 
for a system is constant as seen in the case of magnesium oleate-water system. 


It will also be noticed that the observed values of log /7) are not in good agreement 
with Sibree’s equation. 
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SORPTION OF WATER VAPOUR BY ALUMINA GEL 


By B. P. GvaAnr AND A. P. B. SINHA 


The adsorption and desorption isotherms of water on alumina gel have been obtained at -3.5°, 0”, 
10°, 15° and 25°, using a manometer capable of measuring accurately 0.1 mm. pressure of mercury. The 
isosteric heats of adsorption and desorption, and the corresponding entropy changes have been evaluated 
from these data at different stages of sorption. The results so obtained have been used to point out 
some defects in the theories of hysteresis which exist, and an explanation of the phenomenon has been 
attempted on the basis of orientation of molecules in the sorbed phase. 

Although a good deal of work has been done on the adsorption of vapours by 
charcoal and silica gel, alumina gel has received comparatively little attention (McBain, 
“Sorption of Gases and Vapours by Solids”, 1932, p. 192, et seq; Munro and 
Johnson, /. Phys. Chem., 1926, 30, 185; Taylor and Gould, 7, Amer. Chem. Soc., 
1934, 56, 1685). Investigations with silica gel show that sorption may depend greatly 
on the samples used and their previous treatments (e.g. Gyani, this Journal, 1950, 
27,577). A comparison between the behaviours of the two gels shall be discussed in 
later communications. The present paper deals with the sorption measurements 
with a single sample of alumina gel at different temperatures, and the light these 
measurements throw on the nature of the sorbed phase. 


EXPERIMENTAL 


The alumina gel for this purpose was prepared by one of us (B.P.G.)’ and was 

one of a series of samples. Aluminium sulphate (10 g. in 100 ml. water) was mixed 
Fic. 1 with strong. ammonium hydroxide (50 ml.) 

while boiling. The precipitate was washed rapidly 
with boiling water on a sintered glass filter. The 
mass was stirred up with 20 ml. of a 10% acetic 
acid solution and then put on the water-bath. 
A transparent raw gel appeared in five minutes, 
which was transferred to an air-oven and dried 
at about 70°. Hard grains were obtained which 
were transparent, though small in size (about 
1mm.). The gel was about two years old when 
these measurements were undertaken and it was 
kept almost exposed to the atmosphere at Patna 
during this period. The gel was evacuated under 
a vacuum of 0.001 mm. of mercury at 100° before 
these measurements. A good deal of care was 
taken to remove any gaseous impurities by repeated 
flushing of the gel with water vapour and 


\ evacuation. 
(Q) The adsorption apparatus used in these 


experiments is shown in Fig. 1. The amount 
of adsorption was determined by direct weighing of the -gel contained in the 
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SORPTION OF WATER VAPOUR BY ALUMINA GEL 583 
detachable bulb B. The vapour was obtained from the liquid reservoir R. A new 
feature of the apparatus was the differential manometer M so arranged as to 
eliminate zero error. To measure the pressure inside the apparatus the pump was 
started and Ts; gradually opened, followed by Tg. The zero error was kept down 
to the efficiency of the pump which was better than 10-* mm. of mercury. The 
difference in level on the two sides was read directly on a scale rigidly attached to 
the manometer. The liquid used was an Apiezon oil; density measurement showed 
that 1 mm. oil=0,0714 mm. mercury, and this relation was further checked by mea- 
suring vapour pressures of water at different temperatures. It was thus possible to 
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For silica gel 2/m is in g. mol./g. gel x 10-4 and 
pisin mm. HgxX2. 

measure pressures: in the range of 0.1 mm. to a few mm, of mercury accurately. This 
is not possible with a mercury manometer or a McLeod gauge where vapours are 
concerned. The bulb B was kept at desired temperatures by immersing it in suitable 
bath materials contained ina vacuum flask and maintained at those temperatures 
with fluctuations not larger than + 0.1°. The error in the determination of amounts 
of adsorption ( even if errors due to dead space in the adsorption bulb were 
considered ) was well within 05%. The chief source of uncertainty in these 
measurements was due to the long time taken for equilibrium, and over this period 
the slow drift in pressure could be easily followed with the manometer. Since 
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the pressure readings, obtained overnight for fixed values of the amount of adsorption, 
did not usually show any perceptible changes, it was considered that the time 
allowed for equilibrium (usually 2 to 3 hours) was sufficient. 


Figs. 2 and 3 show the plots of the amount of adsorption x/m against pressure, 
2; xlm is expressed in mg. of water per g. gel and ¢ is in mm. oil (which can be easily 
converted into mm. mercury). The isotherms are all of Type II discussed by 
Brunauer (‘Adsorption of Gases and Vapors”, p. 150, Oxford University Press, 
1943). The adsorption and desorption isotherms show hysteresis which becomes 
pronounced as the temperature is increased, when the data are plotted as in Figs. 2 
or 3. Although no water is expected to exist in liquid form at —3.5’, a definite 
hysteresis is yet observed at this temperature. It has to be noted that hysteresis 
extends throughout the entire pressure range and is unusual in this respect. 
It reminds of the hysteresis observed with cellulose (McBain, Joc. cz#., p. 366 et seq). 
It persists even after a dozen adsorption and desorption runs. It appears impossible 
to explain such hysteresis on the basis of capillary condensation theory or on the 
basis of retention of gaseous impurities on the adsorbing surface. The desorption 
isotherm of water for silica gel at 35° is shown in Fig. 3 for comparison. 


The alumina gel had been evacuated at 100 for 6 hours betore the measure- 
ments. One notes again and again a tendency in the adsorption isotherm to show 
a fictitious saturation (a horizontal branch) much before the true saturation, as has 
been observed by the senior author previously with silica gel (Gyani, doc. ci?.). 
Some of these anomalies, shown in Fig. 3, persisted even after the gel had been 
flushed a number of times, and had been in contact with water vapour for many 
days. One can see that the amount of sorption decreases progressively for the same 
pressures as the temperature is increased. 

The isosteric. heats of sorption have been calculated, both for adsorption and 
desorption, with the help of the equation 





,. ) a 

dj/7) -2.303R 
FiG. 4 as explained in an earlier paper (Gyani, 
inate —— te ee 345). The equation 
gf a SE SR SE Se shows that the heat of sorption, Q, is pro- 
j | portional to the slopes of the curves obtained 


by plotting log / against 1/7 for fixed values 
of x/m. These graphs are found to be 
straight lines both for adsorption and desorp- 
tion. This shows that the corresponding 
heats of adsorption and desorption are subs- 
tantially constant in the temperature ranges 
concerned. Fig. 4 shows the variation of 
the mean QO with the amount of sorption. 
oI bane There are two graphs, one each for adsorp- 
tion and desorption. One notes a striking 
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similarity between the two. Eachisa flat W and at large values of x/m, about 
220 mg. per g. gel, the two almost coincide, so that it is possible to draw a common 
curve as shown. This common curve then gradually becomes horizontal and at the 
same time Q approaches 10500 cal per mole which is close to the latent heat of con- 
densation (or evaporation) of water (the horizontal line in the diagram). It is 
curious that the adsorption and desorption branches are yet separate at high values 
of xlm though the value of Q points out to the condensation of vapour on (or eva- 
poration from) a free substantially plane surface already covered with water. It is 
therefore not easy to see how at this stage condensation could be occurring in 
capillaries, which is the basis for all current theories of hysteresis. A search of the 
literature shows that such W shaped Q- x/m curves are quite common (Physica, 
1937, 4, 389; Proc. Roy. Soc. 1917, A, 37, 162; Trans. Faraday Soc., 1938, 34, 1342: 
Brunauer, “Adsorption of Gases and Vapors”, p. 246 et seq). ' 


Fig. 5 shows the plot of entropy of sorption ® against x/m both for adsorption 
and desorption. The curve corresponding to desorption is a simple one, with only 
a slight curvature, concave towards the origin. The curve for adsorption starts with 

Fic. 5 


Variation of entropy of sorption with 2/m 
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a convex curvature towards the origin, but appears to coincide with the other curve 
at about x/m=220 mg. per g. of gel (cf. the Q- x/lm curves). The entropy values 
have been calculated as indicated in a previous paper (Gyani, /. Chem. Soc., 1950, 
1521) for the temperature range 269.5° and 298° K. As far as these results go, one 
may conclude that the molecules are more regularly arranged and are more restricted 
in their motions on the desorption side than they are on the adsorption side. 
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If one considers that the vapour condenses into the capillaries of the gel at such 
low pressures as are employed, for example in the present experiments, one has to 
face a number of difficulties. Firstly, where the column of liquid is bounded by the 
two concave meniscii of small radii, it is difficult to explain why the column does not 
goon snapping indefinitely under the huge tensions acting at these meniscii as given 
by the fundamental equation of capillarity, 


P, difference of mechanical pressure= r( ; + x ) 
1 Te 


Secondly, if the two meniscii have unequal radii (the ink bottle theory), the tensions 
acting on the two will be quite different even due to small differences in the equi- 
valent radii, and it is impossible to see how the small column can retain its position 
in the capillary. It should be dragged towards the narrowest radius, and therefore, 
during desorption should always lie at the neck so that desorption should always 
occur at the same fixed pressure. Furthermore, such a column is equally liable to 
rupture. 


It is therefore desirable to consider that no liquid may appear till the saturation 
pressure is approached. If one regards the sorbate in the sorption phase present as 
vapour, differing for adsorption and desorption in such factors as degree of orienta- 
tion of the sorbed molecules, their association and similar other factors, it may be 
possible to explain hysteresis in such systems without encountering the difficulties 
discussed above. 


We have noted that the type of variation of (0 with a/m, observed in Fig. 4, is a 
general phenomenon. It is not consistent with the simple B.E.T. theory as presented 
by Brunauer (doc. cit). If the suggestions made by Brunauer (Jac. cit., p. 252) to 
explain the shapes of the curves actually obtained have to be accepted, the utility 
of the B.E.T. equations in explaining the shapes of sorption isotherms over lower 
relative pressures (over which these equations are considered to apply) is undermined, 
because the variations of Q are most anomalous in these regions. The variation 
of #; to “£y according to Brunauer occurs at a later stage of sorptior where 
the B.E.T. equations are usually considered not to apply. 


We have also noted that there is a similar variation in the entropies of sorption 
with increasing x/m (Fig.5). These variations are even more difficult to under- 
stand in a simple way on the basis of the B. E. T. theory as presented so far. Con- 
sidering that a decrease in entropy shows restrictions in the irregularity of arrange- 
ment of the molecules concerned, and in their various motions, it is clear from 
the figure that the molecules in the sorbed phase become (7) more regularly 
arranged and (77) their motions become more restricted, as x/m decreases. Such 
restrictions are not pictured in the B.E. T. model of the sorbed phase, but may 
be easily understood by a reference to the views expressed earlier by the senior 
author regarding the states of the sorbed phase (Gyani, 7. Phys. Chem., 1945, 49, 442 ; 
1949, 53, 1091). In these papers the author has considered that the first incoming 
molecules of the sorbate may be taken up on active foim/s and may thus be devoid 
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of any translational motion on the surface. At later stages of sorption the mole- 
cules may form /imear and ‘wo-dimenstonal atrays on the sorbing surface, and 
may therefore have translational motions in one or two dimensions. Finally, there 
may be penetration of the vapour molecules in the lattices of the sorbent (called 
‘persorption’ by McBain) where molecules may move in all the three dimensions. 
Then there may be similar molecules (z:¢. with translatory motions in three dimen- 
sions) in the vapour phase which is a part of the sorbed phase, z.¢. in the interstices 
between micelles forming the gel. 


It further appears to the authors that molecules in each of these sorbed states, 
may under appropriate circumstances, be strongly oriented, and may thus give 
rise to a more or less ordered arrangement of sorbed molecules. If the orientation 
and ordered arrangement extend to the sorbed vapour phase, it is not difficult 
to find an explanation for hysteresis, such as has been observed in the present 
experiments (z.¢. starting at quite low pressures). The tendency for orientation will 
be larger as the crowding in the sorption space increases, if there is an analogy with 
films on liquid surfaces. If at any stage of*sorption some of the sorbed molecules are 
removed (desorption), the degree of orientation may not decrease appreciably if 
the de-orientation process requires considerable energy of activation. If a larger 
degree of orientation corresponds to a better packing in the sorbed phase, one should 
expect that for the same pressure of vapour over the gel the amount of sorption 
should be larger corresponding to desorption than it should be for adsorption. The 
existing theories of hysteresis, as we have already pointed out, invariably require that 
the sorbate be present as liquid in narrow pores during desorption, and the desorp- 
tion is considered to be guided by the Kelvin equation, at least formally. Such a 
picture would lead to impossible values of pore radius if the hysteresis starts at 
low pressures. This shows how important it is to consider that the absorbate is 
not present as a liquid at low pressures, which condition is provided for in the view 
expressed herein. 


Recently, Foster (/. Phys. Col. Chem. 1951, 55, 638) has critically examined 
some of the views concerning hysteresis in sorption. He is of the opinin that 
during adsorption the sorbate accumulates in the capillaries of porous adsorbents 
in accordance with the B.E.T. mechanism. For any particular capillary the 
adsorption branch comes to an end (zc. the hysteresis concludes) only when the 
peaks in the B. E.T. model of the sorbate from opposite walls of the capillary 
meet. He considers that a liquid meniscus is then formed. Neither the authors 
of the B. E. T. theory nor Foster are quite clear whether the sorbate in the second 
and subsequent sorbed layers has to be regarded as a liquid, ze. has a meniscus. 
Ordinarily, the B. E. T. theory requires that in those cases where /) is greater than 
Fx,, the sorbed molecules will form successive layers over the surface, and the 
difference between the number of molecules in these layers, as one goes away from 
the surface, should gradually decrease, such that their ratio from and affer the 
second layer is given by the value of x=//f. (Brunauer, Joc. cit, pp. 152, 153). 
However, a// the layers come into existence as soon as a little vapour has been 


5 














588 B. P. GYANI AND A. P. B. SINHA 















introduced over the adsorbent. Thereafter, increase in sorption merely corresponds 
to increase in the number of molecules in each layer in a manner so as to always 
maintain the ratio #/f. (which is now nearer unity) for the diffenences of consecu- 
tive layers. The films from opposite walls of a capillary therefore touch even to 
start with, as a matter of fact they must extend to the opposite walls even at low 
pressures, if the B. E. T. equations may be applied at these pressures. It appears 
therefore that Foster's considerations lack a theoretical basis. 

One of us (A. P. B.S.) is grateful to the Government of Bihar for a research 
scholarship. 


CHEMICAL LABORATORY, 
Science Co_Lece, Patna 5. Received September 20, 1951. 
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STUDIFS IN SESQUITERPENES. PART VIII. SESQUITERPENES 
OF THE ESSENTIAL OIL FROM D/PTEROCARPUS 
INDICUS, BEDD. 


By G. S. KrisHna RAo, SuKH DkEv anv P. C GuHa 
The essential oil from Dipterocarpus indicus, Bedd. has been shown to consist of humulene, 
-caryophyllene, a bicyclic sesquiterpene hydrocarbon, and a sesquiterpene alcohol, the latter two giving 
cadalene on dehydrogenation. 


‘ 

Dipterocarpus tndicus. Bedd, belongs to a species of trees which are well known 
for their essential oils and resins. It is a lofty, evergreen resinous tree with a straight 
cylindrical stem, often 60 to 70 feet to the first branch. It occurs in the evergreen 
forests of the west coast of India and the Western Ghats from North Kanara down- 
wards (Krishna and Badhwar, / Srt. Jud. Res., Supplement, 1947, 6, 56). The 
method of obtaining the oleo-resin is almost alike in many cases and consists in 
making one ar two hollows in the trunk of the tree and periodically igniting fire 
within the cavity for a short time. From the charred area, the oil begins to ooze 
out (loc. ctt.). The essential oil obtained from the oleo-resin appears to havea 
possible use in medicine as a substitute for copaiba oil (Mansukhani and Sudborough, 
/. Indian Inst. Sct., 1918, 2, 2v, 45). 

The essential oil was obtained from the oleo-resin by Mansukhani and Sud- 
borough by steam distillation (loc. czt., p. 37). By fractionation of the oil, they obtained 
a main fraction (50% of the original oil) which had physical properties almost 
identical with those given for the caryophyllenes. From this fraction, however, they 
could not get the 8-caryophyllene nitrosite, the characteristic derivative and almost 
an infalliable evidence for the presence of B-caryophyllene (Sukh Dev and Guha, 
this Journal, 1949, 26, 319). In view of this, a re-study of the oil has been made. 

The oleo-resin was procured from the Forest Range Officer, Thenmala 
(Travancore) in a sealed tin in July 1950. It was quite fluid with only a little sedi- 
ment and had a characteristic balsamic odour. On steam distillation, the oil was 
obtained in a yield of 46.5% of the oleo-resin. It is a colorless oil having a woody 
odour. Unless preserved well from light and air, it becomes viscid and gives 
off a pungent odour. The various physica! and chemical constants of thessential oil 
are shown in Table 1 and have been compared with those recorded by the previous 
workers. 


TABLE I 
Physical properties. Present sample. Mansukhani and Sudborough. 
d se 20 
Density 24 0.8999 d 0.9071-0.9041 
Refractive index 7. 1.4990 n?° 1,5003—1.5005 
Optical rotation [a)> -9°.16 [a] e7 -10°.9 
Acid value D 0.4544 D 1.93—2.00 
Ester value 1.127 2.0 - 2.6 


Acetyl value 5.618 9.5 - 55,5 
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The essential oil was carefully fractionated through an efficient packed column. 
As most of the oil distilled practically at the same temperature, boiling point afforded 
no criterion for the collection of several fractions ; so placing more reliance on optical 
rotation, which varied considerably as distillation proceeded, as many as eighteen 
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fractions were collected, noting down the refractive index and optical rotation for 
each fraction and being guided by these properties for the collection of the subse- 
quent fractions. The properties are plotted against the weights of the corresponding 
fractions as shown in Fig. 1. These curves indicate roughly as to the number of 
distinct chemical components present in the essential oil. Fractions with very close 
values of refractive index, optical rotation and boiling point were mixed up and 
seven main fractions obtained, the properties of which are summarised in Table II. 


TABLE II 
Fraction a. F. Weight obtained. Refractive index. Optical rotation Density Molar 
No. 38 ” 23 refracti- 
n {a]) ¢ : 
D 3 vity. 
Range. Resultant. Range, Resultant. 
I 94.5°/3 mm. 20 g. 7.84% 1.4950 ~ 11°.92 0.8990 66.56 
to 1.4960 to - 11°.23 
1.4970 — 11°.04 
II 95° 25 9.80 1.4980 1.4980 -10°.54 -10°.52 0.9012 66.58 
to 
-10°.16 
Ill 95° - 96 99 38.82 1.4985 - 9°96 0.9014 66.68 
to 1.4690 to -9°.94 
1.4990 - 9°.16 
IV 95° - 96° 23 9.02 1.4990 1.4990 -9°.0 -9°0 0.9005 66.76 
V 96° 1l 4.31 1.4990 1,4990 -9°.0 0.8945 67.20 
to - 8°.4 
-6°,12 
VI 97° 56 21.96 1.5000 - 6°12 0.8978 67.10 
to 1.5010 to — 5°.96 
1.5010 — 5°.52 
VII 97° 13 5.10 1.5020 1.5020 -6°.90 -6.90 0.9072 66.51 
Residue refractionated 
VIIL —148°-50° 5 1.96 1.5020 15029  -8°80 -8°.80 0.9466 63.74 
Residue 3 1.18 > 
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nn. Fractions I to VI exihibit very nearly the same physical properties as are 
led reported in the literature for the caryophyllenes (Guenther, “The Essential Oils’, 1948, 
cal Vol. II, pp. 103, 104). To find out the relative richness of §-caryophyllene in the 
en various fractions (I to VI), a study of the comparative yields of blue nitrosite 


(a characteristic derivative-for the f-caryophyllene) was made. The results given 
in Table IIT show that fraction III, which gave the best yield of the nitrosite, is the 
richest source for B-caryophyllene. The data on molar refractivity (also given in 
the same table) reveal that fractions I to IV are probably composed of bicyclic ses- 
guiterpenes. [J/g])p fora bicyclic sesquiterpene of caryophyllene type should be 
66.64". Fractions V and VI have a much higher molecular refractivity possibly 
due to an admixture with a monocyclic sesquiterpene. Fuller analytical work has 
confirmed these inferences. 





TABLE III 
Fraction -Caryophyllene nitrosite Molar Fraction B-Caryophyllene nitrosite Molar 
No. per 1g. of fraction. refractivity. No. per lg. of fraction, refractivity. 
I 0.04 g. 66.56 IV 0.20 66.76 
Il 0.33 66.58 Vv 0.13 67.20 
II 0.40 66.68 VI Nil 67.10 
Fraction I, as shown by the preparation of /-caryophyllene nitrosite, contains 
= some quantity of 8-caryophyllene, but the optical rotation indicates the presence 
> of some other sesquiterpene which is more strongly /aevorotatory (cf. Part XI this 
18 issue, p. 605). 
of 
se Fraction III, as indicated by the physical properties and the ready formation 
id of the blue nitrosite, is chiefly composed of f-caryophyllene. This was confirmed by 


the preparation of other derivatives of /-caryophyllene (Table IV). A portion of 
this fraction was further purified by chromatography over alumina (cf. Wolfrom and 
r Mishkin, 7. Amer. Chem. Soc., 1950, 72,5350) and its physical constants determined. 
This gave a 50% yield of the blue nitrosite and was definitely characterised by the 
preparation of the epoxide, m. p. 63-64’ (cf. Treibs, Ber., 1947, 80, 56). 


Ruzicka and Zimmermann obtained from the caryophyllene fraction of clove 
oil, on reaction with maleic anhydride, an adduct melting at 98° (Helv. Chim. Acta, 
1935, 18, 219). Sukhdev and Guha (this /ourmal, 1948, 25, 495) reported the 
isolation of an adduct melting at 180° from the caryophyllene fraction of the 
essential oil from Hardwickia pinnata. In the present work, fraction III gave both 
the adducts, one melting at 98° and the other at 180° (cf. Part IX, this zssve. ). 





Fraction VI, as indicated by molar refractivity and the yield of the /-caryo- 
phyllene nitrosite (vide Table III), consists entirely of a mixture of [-caryo- 


*C,;Ha,| =66.61 
2 
Exaltation due to a four membered ring =048/66.64. 


(Values taken from Shriner & Fuson, “Identification of Organic Compounds”, 1948, p. 45. 
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phyllene and a monocyclic sesquiterpene which has been shown to be humulene, 
The fraction was carefully refractionted using a packed column and the fraction, 
rich in humulene (as indicated by the optical rotation), was further purified by 


chromatography. The sample thus obtained (b. p. 92°/1 mm., 2p”, 1.4995; [x] D° , 


-1°.3) readily gave the nitrosochloride in 80% yield (m.p. 175-76° with decomposition) 
and the characteristic trioxide of humulene (m.p. 122-23°) (Sorm e¢ al, Coll. Cxech. 
Chem. Comm., 1949, 14, 699). 7 


Fraction VII, which follows humulene, has a higher optical rotation and this 
suggests that a more strongly /aevorotatory hydrocarbon has come in this fraction. 
There is also a sharp change in molar refractivity from the value of 67.10 to 66.5. 
This confirms the above suggestion and points out to the possibility of another 
bicyclic hydrocarbon which may be present in this fraction. To get this in a 
comparatively pure state, fraction VII was carefully fractionated from a modified 
Claissen flask, when three fractions were obtained. On dehydrogenation with sulphur 
these fractions gave rise to cadalene, characterised by its picrate (m.p. 115-16") and the 
trinitrobenzene complex (m.p. 112-13°). However, attempts made to prepare a 
crystalline hydrochloride in the usual way, both in ether and glacial acetic acid media, 
did not meet with any success. 


Titration with percamphoric acid gave an equivalent of 1.19 double bonds after 
one hour, while after 24 hours the value was 1.6. These results show the presence 
of two double bonds, one of which may be the easily reacting endocyclic double 
bond and the other, probably exocyclic (Kolthoffand Lee, 7. Polymer Sct., 1947,2, 206). 
Hydrogenation with Adams’ catalyst (Adams, Voorheas and Schriner, “Organic 
Syntheses”, 1922, Vol. 8, p. 92) in 95% alcohol was incomplete, as hydrogen equivalent 
only to 0.7 double bond was absorbed. The relative resistance to reduction might 
be due to the presence of a double bond situated between two tertiary carbon atoms 
(Sorm, Dolejs, Knessl and Pliva, Coll. Czech. Chem Comm, 1950, 15,91). To determine 
the nature of the two double bonds, Fieser’s test (Meyer, Ber, 1919, 52, 1468; 
Fieser, 7. Amer. Chem. Soc., 1938, 60, 168; cf. Goodway and West, 7. Chem. Soc. 
1939, 1853) with diazotised /-nitroaniline was carried out. The negative response 
obtained shows that the double bonds are possibly non-conjugated. 


Fraction VIII, which has a much higher boiling point, has been shown to be a 
sesquiterpene alcohol by an elemental analysis and other properties like the absence 
of carbonyl group and the reaction with sodium, etc. The nature of the alcohol group 
was established to be tertiary, as it gave neither the xanthate test (Feigl, “Qualita- 
tive Analysis by Spot Tests”, 1947, 324), nor did it react with phthalic anhydride 
(Guenther, “The Essential Oils”, 1948, Vol. II, p. 794). All attempts to prepare a 
crystalline hydrochloride in ether medium according to the usual procedure ended 
in failure. But like the preceding hydrocarbon the alcohol also gave cadalene readily 
on dehydrogenation with sulphur, Titration with percamphoric acid gave an equi- 
valent of 1.04 double bonds after 24 hours. Hydrogenation with Adams’ catalyst 
in 95% alcohol was incomplete, as hydrogen equivalent only to 0.6 double bond 
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was absorbed. These observations show the presence of a tertiary (?) sesquiterpene 
alcohol in the essential oil belonging to the cadalene family. 

Further work on the structural elucidation of the hydrocarbon and the alcohol 
is on hand. 


EXPERIMENTAL 

Essential Oil—The oleo-resin (1565 g.) was steam distilled using superheated 
steam at 240°, when the essential oil (728 g., 46.5%) was obtained. The physical 
properties and the other chemical constants of the oil after drying over anhydrous 
sodium sulphate, as shown in Table, 1 were determined according to the standard 
methods (cf. Guenther, “The Essential Oils”, 1948, Vol. I). After steam distilla- 
tion, a hard resin was left behind weighing 520 g. (33%). 

Fractionation—A batch of the essential oil (255 g.) was fractionated carefully 
through a packed column of the total condensation variable take-off type supplied 
by the Towers Co. (J. W. Towers and Co., Ltd., Widnes.). A reflux ratio of 1:10 
was maintained. Eighteen fractions were collected, the cuts with almost the same 
physical properties were mixed up and eight main fractions were thus obtained, the 
properties of which are shown in Table IL. 


Identification of B-Caryophyllene 

The evidences for the identification of -caryophyllene are summarised in 
Table IV. 

The nitrosite was prepared according to the standard method (Sukh Dev and 
Guha, Joc. cit, 1949). It was further characterised by the preparation of its iodo- 
nitrosite (Deussen, /. prak/. Chem., 1914, 72, 90, 324; 1926, 2, 114, 63). The caryo- 
phyllene alcohol was prepared according to the method of Asahina and Tsukamoto 
(/. Pharm. Soc. Japan, 1922, No. 484, 463-73). The dihydrochloride, nitrosochloride 
and nitrosate were all prepared in accordance with the standard methods (Sukh Dev 
and Guha, Joc. cr#, 1948). Mixed melting points of these derivatives with the 
corresponding ones, prepared from genuine caryophyllene (B.D.H), were 
undepressed. 

Mailetc Anhydride Adducts.—A mixture of the fraction (3c. c., 2.7 g.), maleic 
anhydride, freshly distilled under vacuum (L6 g., 1.5 mols.) and anhydrous benzene 
(8 c. c.) was refluxed for 24 hours. The solvent was removed under a slight vacuum 
and the residue was fractionated at a low pressure. Maleic anhydride distilled over 
first, followed by the unreacted terpene (30%). A higher boiling fraction (180°- 
205'/2 mm.) was obtained and a polymer (14%) was left behind in the flask. The 
distillate solidified and gave rise to a sticky mass (50%). It was triturated with light 
petrol, chilled very well and filtered off. The filtrate on removing the solvent gave 
a glassy viscous mass which could not be crystallised. The solid residue was taken 
up ina minimum quantity of benzene and left for crystallisation. White silky needles 
were obtained which on three crystallisations from benzene melted at 180-82’, 
yield 0.35 g. (8.8%). The benzene filtrate on concentration, dilution with low-boiling 
petrol (30°-60°) and chilling in ice and salt mixture gave a white crystalline solid 
which on repeated crystallisations from benzene-petroleum ether mixture (1 : 5) 
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melted at 98°, yield 0.65 g. (16%). The glassy viscous mass on refractionaction gave 
some more yield of the higher melting adduct (yield 0.08 g., 2%). 


TABLE IV 


Property. B-Caryophyllene. Fraction III. f-Caryophyllene obtained 
after chromatography from 

Fraction III. 
B. P. 103° - 103.5/4 mm.? 95° 96°/3 mm. 
: 89°/1 mm. 
Density d, 0.9075 a” 0.9014 Va 
d=” 0.9048 


Refractive index 20° 1.4995' n= 1.4990° ae 
oad " n5 14965 


Optical rotation (@] p -8°.10' [a] p -9°.94 
[<]p ~10°.56 


Molar refractivity 66.16" 66.68 


66.15 
M. p. of nitrosite 110°? 110° 
110° 


iodonitrosite 126° * 125° 


dihydrochloride 69-70° * 68 - 69° 


B - caryophyllene 94-96°3 94-95° 
alcohol 
nitrosochloride 175° 3 174° (decomp) 


nitrosate 160°* 159° 


adduct (benzene 98° 
+petrol ) 


epoxide 63 - 64°5 — 
1. Naves and Perrottet, Helv. Chim. Acta, 1941, 24, 796, 
2. Sukh Dev and Guha, loc. cit., 1949. 
3. Idem, ibid., 1948. 
4, Ruzicka and Zimmermann, loc. eit. 
5. Treibs, loc. cit. 


Purification of B-Caryophyllene—Fraction III (5 g.) was further purified by 
chromatography over activated alumina (alkaline, -60, +100 mesh, 100 g., column: 
18 x 3.8 cm.) and the results are given in Table V. 


TABLE V 


98 ~ 
63-64 


Fraction No. Effluent (petroleum Weight. Properties. 
ether) collected. ne 
D 


$ ce. 140 m.g. 1.4960 
634 1.4965 

946 1.4965 

920 1.4965 

513 1.4965 

880 1,497) 

271 1,4970 

87 1.4970 

26 1.4970 
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Fractions 2, 3 and 4, which have almost the same optical rotation and refractive 
index, were mixed up (2.5 g.) and rechromatographed using the same weight of fresh. 
alumina and the same column. The fractions with the same refratcive index were 
mixed up and distilled, the properties of which are given in Table IV. 

B-Caryophyllene Oxide-—To a chilled solution of the purified 8-caryophyllene 
(0.36 g.) in chloroform (2 c.c.), a chilled chloroform solution (-5°) of percamphoric 
acid (8.6 c.c., approximately 0.4’), prepared according to the method of Milas and 
McAlevy ( /. Amer. Chem. Soc., 1933, 55, 349), was added with stirring and cooling. 
The reaction mixture was left for fortyeight hours in a_ refrigerator. Some 
camphoric acid was deposited which was filtered off. The solution was extracted 
thrice with 10 c.c. portions of an aqueous solution of sodium thiosulphate and sodium 
carbonate (30 c.c. of water, 1.5 g. of sodium thiosulphate and 08 g. of sodium carbo- 
nate). The chloroform layer was finally washed with water and dried over 
anhydrous sodium sulphate. The solvent was removed, when a viscous residue was 
obtained. It solidified on adding a small amount of alcohol (0.5 c.c.) and keeping 
for two days in the refrigerator. On two crystallisations from dilute alcohol, it 
came out in long white needles, m. p. 63-64°. The mixed melting point with the 
oxide obtained from genuine caryophyllene (B.D.H.) by Treibs’ hydrogen peroxide 
oxidation (Ber., 1939, 72, 7,9; Z. angew. Chem., 1939, 52, 698; Ber. 1947, 80, 56) 
was undepressed. 

Identification of Humulene 

A preliminary purification of the fraction VI was done by refractionating it 
(35 g.) carefully through the same packed column. The results are given in 
Table VI. 

TaBLE VI 
Fraction. B. P. Wer. Optical rotation [x]” , 
A 105° — 106°/4 mm. 7.5 g. -8°.34 to -7°.84 
B 107° - 108° 11.3 — 5°.84 to -5°.12 
Cc 109° — 110° 12.0 - 4°.80 to - 4°40 

To obtain pure humulene, fraction C (5 g.) was further subjected to chromato- 

graphy over activated alumina (-60, +100 mesh, 100 g., column, 183.8 cm.) and the 


results are summarised in Table VII. 
Tas.eE VII 


Fraction No. Effluent (petroleum Wt. Properties. 


ether) collected. 5 (<)™ 


5 c.c. 
5 
5 
5 
10 
10 
15 
15 
20 


(Benzene 3c.c. + 
petrol 7 c.c.) 


O©OanN OA rk wn eK 


_ 
o 
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Fractions 7, 8 and 9 were mixed up (0.62 g.) and distilled (92/1 mm.). The 
‘nitrosochloride (m. p, 175-76°) was obtained (yield 80%), when prepared in the usual 
way (Deussen and Lewinsohn, Anmma/en, 1907, 356, 1). 

Humulene Trioxide-—From the purified humulene (0.17 g.), the trioxide was 
prepared by the percamphoric acid method. The oxide on two crystallisations from 


benzene-petroleum ether mixture melted at 122° (Sorm ef al., Coll. Czech. Chem. 
Comm., 1949, 14, 699). 


Fraction VII 


The fraction (8 g.) was further purified by refractionation over sodium from a 
modified Claissen flask. The following fractions with the properties noted against 
them were obtained (Table VIII). 


Tas.e VIII 
Fraction. Weight. B. P. 24° 24° 
ni (x) >? 
A 2.80 g. 120°/7 mm. 1.5020 — 5°.64 
B 2.14 121° 1.5025 -6°.4 
Cc 1.07 122° 1.5030 -6°.9 


Denydrogenation.—Fraction B (0.65 g.) and sulphur (0.3 g., slightly less than 
the required amount) were heated together under reduced pressure in a 5 c.c. 
distilling flask fitted with a long air condenser and with its side tube plugged. The 
temperature of the metal bath was maintained at 205°-210° for one and half hours. 
The product was distilled at low pressure (95°-120°/2mm., 0.34 g) and the distillate 
was chromatographed (alumina 10 g., column 18X1cm.). The results are given in 
Table IX, 


TABLE IX 


Fraction No. Effluent (petroleum Weight. Fraction No. Effluent (petroleum Weight. 
ether) collected. ; ether) collected. 
1 2 c.c. 37 mg. 4 15 c.c. 38 mg. 
2 5 44 5 20 22 
3 5 20 6 15 68 


Fractions 1, 2 and 6 did not give any picrate, while 3, 4 and 5 reacted with 
picric acid, as indicated by an examination under microscope. So they were mixed 
(80 mg.) and this fraction was shown to be cadalene by the preparation of its 
picrate and trinitrobenzene complex as detailed below. 


Cadalene Picrate—The fraction (80 mg.) of the dehydrogenated product in 
alcohol (0.25 c.c.) was mixed with a hot solution of picric acid (80 mg.) in alcohol 
(0.25 c.c.), when beautiful needle-shaped orange crystals were obtained, m.p. 115-16", 
yield 100 mg. after one crystallisation. Mixed melting point with an authentic 
sample of cadalene picrate was undepressed. 
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Trinitrobenzene Complex of Cadalene.—From the picrate (88 mgs), cadalene 
was regenerated by passing its petroleum ether solution through a column of alumina 
(6x1 cm, 3 g.). The regenerated hydrocarbon (27 mg.) was taken up in alcohol 
(0.25 c.c.) and added to a hot solution of trinitrobenzene (25 mg.) in alcohol 
(0.50 c.c.), when the golden yellow complex separated out. On crystallisation from 
alcohol it gave golden yellow needles (30 mg.) melting at 112-13°. Mixed melting 
point with an authentic sample of cadalene trinitrobenzene compound was under- 
pressed. 


Fraction VIII 


~ It is a viscous, colorless liquid and is practically odourless. [Found: C, 83.04; 
H, 11.5. Cy5;Hg4O requires C, 8185; H, 10.90; Cy5;He,gO requires C, 81.08 ; H, 11.70 
per cent]. 


Dehydrogenation—The alcohol (0.4773 g.) was dehydrogenated with sulphur 
(0.2 g.) at 205°-2107/30 mm. and for one and half hours as described already. After 
completion of the dehydrogenation, the product was distilled (0.262 g., 90°-110°/3 mm.). 

Cadalene Picrate—The distillate (260 mg.) was chromatographed (activated 
alumina 8 g., column 171 cm.), when three fractions were obtained. Rejecting 
the first and the last fractions, which did not give any picrate, the middle fraction 
(90 mg.) in alcohol (03 cc.) was treated with a hot solution of picric acid 
(90 mg.) in alcohol (0.3 c.c.), when the picrate was obtained in orange needles. 
After recrystallisation from alcohol it melted at 115-16° (yield 50 mg., 22%). 
Mixed melting point with authentic cadalene picrate was not depressed. 


DEPARTMENT OF OrGANIC CHEMISTRY, Received December 11, 1951. 
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STUDIES IN SESQUITERPENES. PART IX. THE MALEIC ANHYDRIDE 
ADDUCT OF M.P. 180-82” OBTAINED FROM THE ESSENTIAL OIL 
OF DIJPTEROCARPUS INDICUS 


By G.S. KrisHNA Rao, SuKH Dev Anp P. C. GuHA 


The caryophyllene fraction of the essential oil of Dipterocarpus indicus gave an adduct of mp. 
180-82 with maleic anhydride, besides the product with m.p 98°. A preliminary study of the 180° 


compound has been made. 


Ruzicka and Zimmermann (//elv. Chim. Acta, 1935, 18, 221) made the 
interesting observation that the caryophyllene mixture as obtained from clove oil is 
capable of reacting with maleic anhydride in benzene to yield a crystalline adduct 
(m.p. 98’) correspoding to about 50% of the terpene. Since the chief constituent of 
the caryophyllene was supposed to be /f-caryophyllene, it was considered likely that 
the product had originated from this hydrocarbon, which, however, did not contain 
a conjugated system of double bonds, as revealed by the ultraviolet absorption spectra 
(Goodway and West, /. Chem. Soc., 1939, 1853). Subsequently a more exhaustive 
study of the maleic anhydride, acetylene dicarboxylic ester and azodicarboxylic ester 
adducts was made by Plattner and Werner (//elv. Chim. Acta, 1944, 27, 1010). They 
showed that the monomeric adduct with maleic anhydride was dicyclic and still 
contained two double bonds, as evidenced by catalytic hydrogenation. They suggested 
therefore that these adducts were, in fact, substitution products formed by reaction 
at the allyl position (cf. Alder, Pascher and Schmitz, Zer., 1943, 76B, 40 ; also Harper, 
J. Chem. Soc. Ann. Rep., 1947, 44, 157). 


Sukh Dev and Guha (this Journal, 1948, 25, 495) isolated from the caryophyllene 
fraction of the essential oil from Hardwickia pinnata, an adduct melting at 180° by 
condensation with maleic anhydride. The essential oil from Dzp/erocarpus tndtcus, 
Bedd. also gives the adduct melting at 180°, in addition to the ore melting at 98 , 
known in the literature. It was found during the course of this work that the 
essential oil from Hardwickia pinnata also gave both the adducts, though the yield 
of the lower melting one was very poor. 


For the preparation of this adduct in quantity, it was found convenient to 
carry out the reaction with the essential oil directly without fractionation, when the 
two adducts were obtained in the ratio, adduct (m.p. 180-82°) : adduct (m.p. 98°) = 
3.5: 1 (total yield, 16%). 


Plattner and Werner (Joc. czt.) obtained excellent yields (up to 67%) of the 
adduct of m.p. 98° by using a large excess of maleic anhydride (5.25 mol.) and refluxing 
for a very long time (up to 96 hours). So it was considered desirable to see if elevation 
of temperature had any favourable effect on the yield in the present study. So the 
condensation with maleic anhydride of the essential oil was carried out in toluene 
in the place of benzene, when only a yield of 4.5% of the adduct mixture was obtained. 
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In ‘order to locate the precursor of the adduct (m.p. 180-82°), the maleic 

anhydride condensation was carried out with each of the fractions I to VII (given in 

Table II, Rao, Dev and Guha, this Jowrna/, 1952, 29, 590). Table I shows the compara- 

tive yields of the adducts, side by side with the yield of the 8-carycphyllene nitrosite 
and the molecular refractivities of the corresponding hydrocarbon fractions. 


TABLE I 
Yield of blue Yield of adducts per 1 g. of fraction. Molar refractivity. 
Fraction nitrosite perl ¢ 
No. of fraction. (m. p. 98°). (m. p 180-82°). 
I 0.04 g. 0.02 g. 0 26 g. 66 56 
II 0.33 _ — 66.58 
Ill 0.40 0.24 0.13 66.68 
IV 0.20 —_ — 66.76 
V 0.13 -- — 67.20 
VI Nil 0.07 0.02 67.10 
Vil Nil — ~ 66.51 


It is apparent from these results that the parent hydrocarbon is concentrated in 
fraction I which gives the maximum yield of the adduct of m.p. 180-82° and a poor 
yield of the blue nitrosite, indicating the presence of B-caryophyllene in a compara- 
tively small amount. The molecular refractivity (66.56) of this cut points probably 
to the bicyclic nature of the sesquiterpene, as this fraction is likely to be contaminated 
only with fB-caryophyllene which is also bicyclic. It is also interesting to observe 
that the fraction III, which gives the maximum yield of 8-caryophyllene nitrosite, also 
gives the maximum yield of the adduct, m.p. 98°. 


Since the fraction has a higher rotation than that of 8-caryophyllene, the parent 
hydrocarbon will most probably be strongly /aevorotatory as compared to 8-caryo- 
phyllene (4p, -8°.10) (Naves and Perrottet, Ae/v. Chim. Acta, 1941, 24,796). In 
order to see, if Y-caryophyllene (<p, -29.7°) (Deussen and Lewinsohn, Amnalen, 1908, 
359, 251; Ramage and Simonsen, /. Chem. Soc., 1938, 1208) which has a higher optical 
rotation than that of f8-caryophyllene and has other similar properties, is not 
responsible for the formation of this adduct, a reaction with an authentic sample of 
Y-caryophyllene (prepared from 8-caryophyllene nitrosite) was carried out. However, 
no adduct could be isolated. 


Further work to isolate this sesquiterpene by chromatographic separation from 
fraction I is on hand. 

An infra-red spectrum (shown in Fig. 1) of the maleic anhydride adduct, taken 
by the courtesy of Prof. Roberts at M.I. T. (U.S. A.), indicates the presence of an 
exocyclic double bond QC=CHg ; A, 11.3, 6.4 microns) and a grouping ()C=CHR: 
\, 60, 120 microns), besides absorption due to carbonyl groups (A, 5.4, 5.6 microns). 
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3+ ° The adduct gave a faint yellow 
coloration with tetranitromethane a 
(Ostromisslenski, 7. prak¢. Chem., 192, 2 
}___ : 84, 489). Ruzicka, Plattner and Balla : 
also reported a similar response for the , 
2 adduct, m.p, 98° towards the reagent Pa 
: (Hlelv. Chim, Acta, 1941, 24, 1219), “9 
On saturating the adduct of m.p. 180-82" = 
in a solution of anhydrous ether with 
—_——__—_->- {2 dry hydrogen chloride gas, a good yield - 
: oe Fi 
| of a hydrochloride of mp. 156 
: f could be obtained, which analysed 
— ae for a monohydrochloride, This indica- in 
tes the presence of at least one double mi 
, bond in the adduct. sh 
' The adduct on _ boiling with an 
» aqueous or alcoholic potassium hydrox- 
‘g P & ide (5%) or aqueous sodium carbonate ei; 
 * = (10%) or 2N hydrochloric acid gave re 
— Se a dicarboxylic acid (Cj9HesO,, mp. - 
F ‘ g t 154°) which could be converted into fri 
& * & the original adduct by heating with et 
Pe $ acetic anhydride for a short time. of 
= 5 = Itdid not give any colour reaction th 
5 with tetranitromethane. This is in pe 
’ contrast with the dicarboxylic acid 
8 (m.p. 173°) obtained by Ruzicka, 
3 | Plattner and Balla (Joc. czt.) from the 
it adduct of m.p. 98° by boiling with 2.V 
sodium carbonate solution, The latter, 
which showed unsaturation towards 
tetranitromethane, could not be con- ins 
P verted back into the adduct by the D 
8 action of acetic anhydride. From the de 
adduct of m.p. 180-82° could also be 
5 * obtained by treatment with concen- 
. ~ ' trated hydrochloric acid, a _ lactone wi 
g | 2 carboxylic acid (C;,HesO4, mp 165°) 
. SOOT ° which showed a saturated behaviour . 
° towards tetranitromethane. The lower 
; melting adduct gave a lactone carboxy- as 
LEIP PEA re nee lic acid (m.p. 208°) even on _ simple ad 
- 3 8 MP SE boiling with water or dilute hydro- TI 
chloric acid (2) -and it was also he 
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shown to be saturated towards tetranitromethane. It was found during the 
present work that the lactone carboxylic acid (m.p. 165’) could be more conveniently 
obtained from the adduct of m.p. 180-82°, as well as the dicarboxylic acid of mp. 145 
by the action of concentrated nitric acid for a short time, followed by dilution 
with water. An attempt to get a hydroxydicarboxylic acid from the lactone 
carboxylic acid by the action of alkali, followed by acidification in the cold, was 
not successful, as only the starting substance was produced. The formation and the 
stability of the lactone carboxylic acid show that the double bond may probably 
be situated in the 8-Y or ¥-8 position with respect to one of the carboxyl groups. 
Further work on the elucidation of the adduct is in progress. 


The adduct of m.p. 98 on saturation with anhydrous hydrogen chloride gas 
in dry ether, gave a monohydrochloride melting at 145°. The formation of a 
monohydrochloride is in conformity with hydrogenation experiments which have 
shown that one of the two double bonds is more reactive (cf. Ruzicka, Plattner, 
and Balla, Zoc.czt.). 


Ruzicka and Zimmermann (Joc. czt.) reported that this adduct on keeping for 
eight months decomposed and the original substance could not be obtained by 
recrystallisation. The same behaviour was observed during the course of the present 
work also. It was found possible to isolate the lactone carboxylic acid (m.p. 208°) 
froia the decomposed mass after repeated crystallisations from benzene-petroleum 
ether mixture. -The decomposition is probably due to the presence of a trace 
of alkali in the glass, for when a sample of the adduct was kept in a pyrex tube, 
thoroughly cleaned with chromic acid and sealed after evacuation, it preserved 
perfectly well without any decomposition (12 months old). 


EXPERIMENTAL 


Adduct of m.p. 180-82 


(a) From the Caryophyllene fraction of the Essential Oil from Dipterocarpus 
indicus.—Interaction with maleic anhydride of fraction III from the essential oil of 
Dipterocarpus indicus and the isolation and separation of the adducts are fully 
described (Rao, Dev and Guha, Joc. ct?.). 


(4) From the Essential Oil of Hardwickia pinnata.—The essential oil (25 g.) 
when refluxed with maleic anhydride (15 g.) in dry benzene (75 c.c.) for 24 hours, 
gave the adducts‘ (2) m.p. 180-82° (yield 1. 74 g.) and (cz) m. p. 98° (yield 
05 g. ). 


(c) From the Essential Oil of Dipterocarpus indicus.—The essential oil (10 g.) 
as such on reaction with maleic anhydride (1. 25 mols.), as described already, gave the 
adducts: (2) m.p. 180-82 (yield 184 g., 12.4%) and (zz) m. p. 98° (yield 0.5 g., 3.3%). 
The mixed melting point of the higher melting adduct with that obtained from 
he essential oil of Hardwickia pinnata was undepressed. 
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The adduct could be crystallised from both benzene and alcohol in beautiful 
white needles, m.p. 180-82. [Found (After drying for 5 hours at 75°/0.2 mm.) : C, 
75.15 ; H, 8.6. CigH2¢O3 requires C, 75.49; H, 8.60 per cent]. [«] n,+14.09° (0.836% 
in CHCls. 


Hydrochloride—A well cooled (-10) suspension of the adduct (0.6 g.) in 
anhydrous ether (5 c.c.) was saturated with dry hydrogen chloride gas for one 
hour (CaCle guard tube). The ether and the excess hydrogen chloride gas were 
removed under suction and the solid residue was crystallised twice from a mixture of 
benzene and light petrol, yield 0.4 g. (60%), m. p. 156°. (Found: Cl, 10.14. C;,H2Q0s, 
HCI requires Cl, 10.47 per cent). 


Dicarboxylic Acid: (t) Hydrolysis by Alkali—The adduct (0.5 g.) was 
refluxed with aqueous potassium hydroxide (5.c.c. 5% solution) for 10 minutes. It 
was cooled, diluted witha little ice-water (5 c.c.) and acidified with ice-cold dilute 
hydrochloric acid. A plastic mass separated which quickly solidified. On 
crystallising form dilute alcohol thrice, it was obtained as white needles, m.p at 154° 
with slight previous shrinking, yield 0.43 g, 80%. [Found (after drying for 5 
hours at 75°/0.2 mm.): C, 71.54; H, 8.71; equiv. (titration), 164. Cy9Hes O, 
requires C, 71.25 ; H, 8.75 per cent. Equiv., 160 ; M. W., 320]. [«]n,+59.57° (C, 0.9423 ; 


chloroform). 
A small amount of this acid has the peculiar property of making a large volume 
of benzene into a jelly. 


(77) Hydrolysis of the adduct could be brought about, as described above, with 
the same result by aqueous sodium carbonate, alcoholic potassium hydroxide or 


2N hydrochloric acid. 


Anhydride from the Dicarboxyltc Actd.—The dicarboxylic acid (0.2 g.) was 
refluxed with acetic anhydride (lc.c.) for one hour. At the end of reaction, the 
acetic anhydride was removed as much as possible under vacuum from a boiling 
water-bath. The solid residue on crystallising from benzene twice melted at 181-82, 
yield 0.18 g. Mixed m.p. with the adduct was undepressed. 


Lactone Carboxylic Actd: (1) By treatment with concentrated flydrochlori¢c 
Actd.—The adduct (0.1 g.) was refluxed with concentrated hydrochloric acid (1c. c. ) 
for 10 minutes. The solid liquefied during refluxing. It was cooled very well, when 
the liquid solidified ; it was filtered, washed, dried and crystallised from dilute 
alcohol, when the acid was obtained in glistening plates, m. p. 165°, yield 0.06g. (60°). 
[Found (after drying for 5hours at 750.2 mm.): C, 70.75; H, 9.56; equiv., 322. 
Ci9HesO4 requires C, 71.25; H, 8.75 per cent. Equiv., 320; M.W., 320]. 


(2) By treatment with concentrated Nitric Actd—The adduct (0.2 g.) was 
treated with concentrated nitric acid (0.5 c.c.). On shaking for 5 minutes, a clear 
solution was obtained. It was kept at room temperature for 10 minutes and diluted 
slowly with water (5c. c.) while cooling under tap. A crystalline precipitate sepa- 
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rated out. It was filtered, washed with water and crystallised thrice from dilute 
alcohol, when it came out in shining leaflets, m.p. 165°, yield 0.15 g., 75%. Mixed 
melting point with the lactone carboxylic acid obtained by concentrated hydrochloric 
acid treatment was undepressed. 

Lactone Carboxylic Actd from the Dicarboxylic Actd.—The dicarboxylic acid 
(m.p. 154°, 0.1g.) on treatment with concentrated nitric acid (as described above) gave 
the same lactone carboxylic acid (m.p. 165°, yield 0.09 g). 


Adduct of M. P. & 


Hydrochlortde.—The hydrochloride of the adduct (0.5 g.) was prepared in the 
same way as described for the hydrochloride of the other adduct. On crystallising 
it thrice from benzene-petroleum ether mixture, it melted at 145-46", yield 0.35 g. 
(Found : Cl, 10.93. C,9He¢O3, HCl requires Cl. 10.47 per cent]. 


OrGanic Cuemistry LARORATORIS, 
DeparRtTMENT OF ORGANIC CHEMISTRY, 
Inpran InstTiTuTE OF SCIENCE, 
BANGALORE 3, Received December 11, 1951. 
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STUDIES IN SESQUITERPENES. PART X. SESQUITERPENES OF 
THE ESSENTIAL OIL OF ZANSJUM ANNAMALAYANUM, BEDD. 


By A. SomaseEKaR Rao, K. B. Dutr, SuKH DEV anp P, C. GuHa 


The essential oil from the wood of Lansium annamalayanum, Bedd. has been shown to consist 
essentially of bisabolene and two new sesquiterpenes of azulene family. 


Lanstum annamalayanum, Bedd. is a handsome, medium sized tree growing 
in Western Ghats of Kanara, Wynaad, the Annamalai hills and Travancore up to 
an altitude of 3000 ft. (Krishna and Badhwar, 7 Scz. Jnd. Res, 1948, 6, 315). In 
various local languages it is called “chigadmari” (Kannada), “thevathali” (Malayalam). 
Its wood is hard, pink and close grained and has a characteristic sweet odour 
(Gamble and Low, “A Manual of Indian Timbers”, 1922, pp. 150, 762). 

Jois, Manjunath and Ramiah (/. Mysore Untv., 1941, 171) obtained by 
the steam distillation of the wood an essential oil in a yield of 0.74 and described 
it as having a sandalwood odour. Sastry (Quart. /. Mysore Forest Assoc., Vol. 
5, No. 4) on the other hand, obtained as much as 2.2% of the volatile oil. For the 
present investigations, the wood was procured locally and steam distilled to get 
the oil in a 2.1% yield. 

The freshly distilled oil is colorless, but on keeping turns deep yellow and 
becomes slightly brown after long standing, especially if exposed to light. If un- 
necessarily exposed to light and air in an open vessel, it soon turns viscid and some 
what resinous. The freshly distilled oil has a characteristic woody odour, recalling 
that of sandalwood to a certain extent, but definitely more resinous and harsh. 
It has a pungent bitter taste. The physical and chemical properties of the oil are 
shown in Table I and have been compared to those recorded by other investigators. 

Jois, Manjunath and Ramiah (doc. cz¢.) considered that the essential oil consisted 
chiefly of a new sesquiterpene (90%) for which they proposed the name ‘Lansene’. 
They have also described the presence of a small amount of an alcohol, C;;H240. 
However, the present investigation has yielded different results. 


TABLE I 
Constants. Present sample. Manjunath (loc. cit.). Sastry (loc. cit.). 
Density. 0.8978/25° 0.9048/30° 0.907 
Refractive index 1.4950/24° 1.4938/30° 1.4965 
Optical rotation — 128°(1% CHCl, soln.) - 64°.51/30 — 82°.37 
Acid value Nil 0.7 
Ester value Nil 2.7 5.5 
Acetyl value 8 we 24.6 


Solubility in 95% alcobol 4 vols. 5 vols. 4 vols. 
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Repeated fractionations using a Vigreux column of partial condensation take- 
off type furnished three main fractions as noted below. 


TABLE II 
Fraction No. B. P. Yield. d 26. 2s" . [x] 2 Molar 
7 refractivity. 
1 0° - 140°/34mm.. 1.7% 0.9042 1.4975 - 182°.0 
2 140° - 142°/34 3L8 0.9035 1,4975 -173°.8 66.5 
3 142° = 149°/34 4.4 0.8995 1.4970 - 127°.4 
4 149° - 151°/34 37.3 0.8961 1.4965 - 105°.7 66.9 
5 151° - 154°/34 6.3 0.8919 1.4960 - 72°.0 
6 154° - 157°/34 15.0 0.8872 1,4955 - 62°.7 67.65 


7 Residue 3.5 


The molecular refractivity of fraction No. 2 (Table IIL) is about 0.3 units more than 
the corresponding value for a bicyclic sesquiterpene. In order to effect further 
purification, the product was refarctionated through a packed column with a total 
condensation variable take-off-type still head. Though most of the fraction dis- 
tilled within a range of two degrees, the specific rotation of successive small portions 
of the distillate was found to vary widely. Determination of the specific rotation 
of the distillate was utilised to follow the course of distillation. It was found 
that initially the rotation of the distillate was comparatively low. The rotation 
then gradually changed and reached a maximum ([«]p»=-135°). The portion of 
the distillate corresponding to the initial rise in rotation was small and was kept 
separate. After the rotation had reached the maximum ([«]p=-—135) it began to 
fall gradually (Table III). The portions of the distillate with rotation varying from 
-135° to -—115° were mixed together and refractionated as mentioned above. 
After six refractionations, the distillate came at an almost constant rotation of 


[«]p>= -—150.. 


TABLE III 


Fraction B. P. {2]p. Fraction B. P. {[@]p. Fraction B. P. {@]p. 
No. (9 mm.) No. (9 mm.) No. (9 mm.) 
1 117° - 118° 5 117°-117.5° -132°,4 a 117.5 - 115° 
2 117°=117.5° - 126° 6 - - 130°.1 10 " - 107° 
3 - 135° 7 és - 126°.2 11 “ - 96° 
4 - 135° 8 Z - 121°.4 12 - - 83° 


As will be shown in a subsequent communication, this hydrocarbon represents a new 
sesquiterpene of the S-guaiazulene type, for which the name «-chigadmarene* is 


* The name has been derived from the local name of the tree—‘Chigadmari’. 
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proposed. No crystalline derivatives could be prepared. Ozonoylysis of fractions 
I(1) and I(2) (Table III) has indicated the presence of another isomer of «-chigad- 
marene, for which the designation 6-chigadmarene is reserved. 

The molecular refractivity (66.94) of fraction 4 (see Table II) indicated probable 
contamination of chgadmarene with a monocyclic sesquiterpene. Perbenzoic acid 
titration gave the number of double bonds as 2.3. Refractionation, as above, con- 
firmed this view. The distillate which came initially had a rotation as high as -120°. 
The specific rotation gradually decreased till it was -2°.6 and again increased gradually 
(Table IV). The portion of the distillate which was collected after the rotation 
had fallen to -2°.6 readily gave a hydrochloride, m.p. 79-80°. This hydrochloride did 
not depress the m.p. of the hydrochloride obtained from fraction 6 (Table II). 


TABLE IV 

Fraction B. P./9 mm. [@]p. Fraction B. P./9mm. {@] p. Fraction B. P./9mm. [e]p. 
No. No. No. 
1 121° -121°.8 6 121°-121.5° -84° ll 121°.5-122° -7°8 
2 121° -120° 7 121.5° -52°.7 12 a -12°.4 
3 121°-121.5° -110°.5 8 ‘ -30°.3 13. 122° -20°.2 
4 mn -105°.1 9 121.5°-122° -20°.6 14 ; -30°.7 
5 - -88° 10 “ -2°.62 15 te 34°.3 


Fraction 6 (Table II) consists essentially of bisabolene, as it readily gives a 
tribydrochloride, m.p. 79-80° in 45% yield. It also gives a trihydrobromide, m.p. 86°. 
The dehydrohalogenation of the hydrochloride gave a hydrocarbon whose physical 
properties agree very well with those of bisabolene (Table V). 


TABLE V 
Fraction (6) Bisabolene."* 
(see Table II). 
M. p._ of hydrochloride 79-80° 79-80° 
M. p. of hydrobromide 86° 84° 
Physical properties ( after 
purification thtough 
hydrochloride ) 
[a]p +0° +0° 
Refractive index 1.4908/25° 1.492 
Density 0.871/25° 0.871 


*Ruzicka and Capato. Helv. Chim. Acta, 1925, 8, 259. 


When fractions I, II and III were first obtained they were coloured yellow. 
Only repeated distillations over sodium could remove the colour. It is proposed to 
investigate this point later. 
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ExPERIMENTAL 


The wood (522 Ibs.) was obtained locally, cut into small pieces and steam 
distilled, when 11 Ibs. of the oil were obtained (2.1%). It was dried over anhydrous 
sodium sulphate and distilled under vacuum from an ordinary Claissen flask. The 
various physical constants of the redistilled oil, as recorded in Table I, were determined 
by standard methods. 

Fractionation—A fractionating column of the partial condensation take-off 
type (Vigreux column) was used. The result of this fractionation is shown in 
Table II. 

Refractionation of fractions of (2) and (4) was carried out througha 2 ft. 
column, packed with single-turn glass helices and having a total condensation variable 
take-off-type still head. A reflux ratio of 1 : 10 was maintained. 


a-Chigadmarene.—Six refractionations of crude fraction (2) (400 cc. [e]p, 
-115°) gave 150 cc. of a pure fraction with. a constant rotation of —150. 
Table III gives the course of distillation when 200 c.c. of the impure fraction (2) 
({2]p,-—115°) was distilled and collected in twelve fractions. The pure hydrocarbon 


has b. p. 117°-118°/9 mm., [2], - 150°; _»™", 14953; di 0.9024. [Found : C, 


D 


88.26; H, 11.8; M.W. (Rast method), 206. C,;He4« requires C, 88.24; H, 11.76 
percent. M. W., 204]. 

Fraction (6).—Fraction (6) (9.5 g.) was dissolved in ether (10 c.c., anhydrous). 
The solution was cooled to —10° in ice-salt bath. It was saturated with dry hydrogen 
chloride. The reaction mixture was kept in the refrigerator overnight, when a mass 
of crystals was obtained. To the filtrate were added 10 c.c. of alcohol and cooled 
strongly when more crystals were obtained. The crystals were washed twice with 
small amounts of ice-cold alcohol. The hydrochloride was quite pure, m.p. 79-80". 
Further crystallisation did not raise the m.p., yield 6.3 g. (Found: Cl, 33.16. 
C15He4.3HCl requires Cl, 33.97 per cent). 

The hydrobromide was prepared in the usual manner, m. p. 86° (alcohol-ether 
mixture). 

Regeneration of Bisabolene from Trthydrochloride-—The hydrochloride (m. p. 
80°, 6.9 g.), glacial acetic acid (75 .c.) and fused sodium acetate (25 ¢.) were in- 
timately mixed and heated in an oil-bath (gentle refluxing) for 24 hours and then 
the reaction mass was treated with dilute sodium hydroxide solution and extracted 
with ether. The ether extract was washed twice with sodium hydroxide solution 
to free it from acetic acid (two times). The ether was removed and the residual 
liquid distilled twice over sodium (see Table V). 


DEPARTMENT OF ORGANIC CHEMISTRY, Received December 11, 1951. 
InpDIAN INSTITUTE OF SCIENCE, 
BANGALORE-3. 
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SUPERSATURATION COEFFICIENT AND THE FREE SURFACE 
ENERGY OF SOLUTE PARTICLES 


By C. N. VENKATACHALLAM AND B. S. SRIKANTAN 


The assumptions in the derivation of Ostwald-Freundlich equation for supersaturation with patticlc 
size have beenexamined. The experimental data lead tothe conclusion that the free surface energy of 
solute particles rapidly falls of with temperature. The free surface energy (®) for KC], KNOs, KCIO, 
and NH,ClI at different temperatures has been calculated. It has been shown that supersaturation 


coefficient varies directly as the free surface energy of solute particles if-the radius of the particle is fixed. 


Ostwald-Freundlich equation (Z. phystkal. Chem., 1900, 34, 495; “Kapillarchemie”, 
Leipzig, 1909, p. 44) for:supersaturated solution gives 
Se = Sn eX" 
where Sn is the solubility with particles of infinite radius and .S; , that for radius 


r and the constant 
K- oMe 
RTd 
where J/ is the molecular weight of solute, d, its density, and o is the free surface 
energy of the solute particle in contact with solution. 

A similar equation has been derived by J. J. Thomson (“Applications of 
Dynamics to Physics and Chemistry”, London, 1888, p. 251). In these equations it is 
assumed that « and dare independent of temperature and size of the particles. 
However, from Gibbs thermodynamic reasoning, a lowering of surface tension should 
mean greater solubility. Hence, increase of solubility at higher temperatures should 
show a decrease in free surface energy of the solute, and the solubility should be a 
function of surface energy of the solute particle. It is the object of this paper to 
bring out this relation from the data of one of us (this Journal, 1950, 27, 627). 

The above equation can be rewritten as follows for all values A/7< 1, and may 
be taken to be applicable since data (cf. table) shows ore <1, 

(* — Sn ) —2M o 
Sn RTd 
The expression (S; —.Sn)/Sn has been termed supersaturation coefficient at radius 
r of particles in equilibrium with saturated solution at the temperature Z (this 
Journal, 1945, 22, 33). 

Ostwald-Miers’ metastable region (Proc. Roy. Soc. 1907, A79, 322) has been 
shown by one of us (this Journal, 1949, 26, 60) to be bounded on one side by 
particles of size », and on the supersolubility side by those of the order of wp». The 
latter dimensions are also the values assigned for stable molecules by Tammann and 
Gronow (Z. anorg. Chem., 1931, 200, 57) and by Hinshelwood and Hartley (PAzl. Mag., 
1922, 43, 78). This region, bounded by » and ps, has been measured for different 
substances (doc. cit.) by making use of the concept of 7; — Z- (supersaturation limit), 
where 7; is the temperature of saturation and 7-, that of spontaneous crystallisation 
on cooling. The reality of this region has been doubted by DeCoppet (Amn. chim. 
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phys., 1907, vit, 10, 457) but has been established beyond doubt by the extensive work 
of Hartely, Jones and Hutchinson (/. Chem. Soc., 1908, 93, 825). 
McCabe (/nd. Eng. Chem., 1934, 26, 100) showed that when in the presence of seed 
crystals (which continued to grow in a saturated solution), on cooling the solution 


to a particular temperature, spontaneous shower of crystals occurred. 


Further, Ting and 


From the above it could be regarded that the size of the particles at the point 


of spontaneous crystallisation should be of 
the order of wv, and 7 in the above equation 
has this value, and for this value of 7 at 
different temperature the supersaturation 
coefficient can be calculated as follows. In 
Fig. 1, LM is the usual solubility curve and 
KN is the supersolubility curve constructed 
from the measurements of 7; — 7:. Then 
the supersaturation coefficient Sr —.Sn/Sn 
is given by AAT at tempearture 7: 
Graphs for different substances were 
constructed from previous data (loc. cit.). 
The following table gives the data of 
supersaturation coefficient at different 
temperatures for four substances. Knowing 
d for these solids from International Critical 


_—> SOLUBLITY 





r \ 
> 
oe 


Fic. 1 








Tv 
——? TEMPERATURE 





Tables, the values of © were calculated by the use of the above equation for 
different temperatures and supersolubility coefficient. 
TABLE I 
r= pp, 
aa ror ont = Se. r (exgs/cm.*).( ae )z x 10°. 
KCl 293 0.53 461 0.1150 37.36 902 
303 0.52 5.01 0.1038 34.87 902 
313 0.50 5.40 0.0921 31.67 902 
318 0.49 5.59 0.0877 30.91 902 
KNO,; 293 0.49 3.08 0.1591 40.46 1152 
304 1.25 4.62 0.2706 71.40 1152 
323 1.90 8.42 0.2253 63.27 1152 
333 2.19 10.89 0.2011 58.10 1152 
NH,Cl 283 0.33 6.12 0.0539 18.14 841 
293 0.32 6.97 0.0459 16.00 841 
305 0.32 7.95 0.0402 14.60 841 
309 0.34 8.29 0.0410 15.07 841 
318 0.48 9.05 0.0530 20.05 841 
328 0.48 9.91 0.0484 18.89 841 
336 0.54 10.6 0.0509 20.35 841 
KCIO, 278 0.019 0.064 0.2969 62.53 1319 
288 0.030 0.096 0.3109 67.84 1319 
303 0.020 0.182 0.1098 25.23 1319 
313 0.024 0.268 0.0896 21.23 1319 


323 0.031 0.376 0.0825 20.18 1319 








6:0 Cc. N. VENKATACHALLAM AND B. S. SRIKANTAN 


It isto be noted in general that the value of the free surface energy of the 
solute particles at 7=pp falls off rapidly with temperature. The relation is not 
linear as assumed by Jones and Partington (PA. Mag., 1915, 29, 35) except for 
substances like potassium chloride which have a constant temperature coefficient of 


solubility. The constancy of the last column for each substance is remarkable and 


shows that the supersaturation coefficient is proportional to the free surface energy 
of the solute particle and the equation should be 
mS:-So) TT op 2a. 
Sn c Rd 
The procedure outlined in this paper offers a method of finding out the (*) surface 
energy of solute particles. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
SranLey Mepicat COLLEGE, Received November 19, 1951 
Mapras—1. 
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STUDIES IN ION EXCHANGE. PART II. STUDIES 
OF A SYNTHETIC CATION EXCHANGE 
RESIN HP—6 


By S. L. BAFNA AND H. A. SHAH 


A synthetic cation-exchange resin HP—6, synthesised according to Indian Patent 44359, has been 
studied with a view to determining the nature of the ionogenic groups, its equivalent replaceable hydrogen 
and its probable structure. 


As a part of the programme of the National Chemical Laboratory of India, 
work is in progress on the synthesis (Indian Patents, 43827, 44359, applied for by C. S, 
I R.) and the study of ion-exchange resins (Shah and Bafna, this /ouwrnai, 1952, 
29, 187 ; Curr. Scz., 1951 20, 233), The cation-exchange resins, commercially available 
at present, contain essentially either sulphonic or carboxylic type groups, with 
or without hydroxyl groups. Some of the resins, which have been synthesised 
in this laboratory by the reaction of the condensation product of a phenol and 
an aromatic anhydride in presence of sulphuric acid with an aldehyde (Indian 
Patent, 44359) contain all the three types of groups, and hence, exhibit a capacity 
varying over the entire gu range. Such resins could be useful in processes where 
a continuously increasing capacity over the entire fu range is desirable. 


When a cation-exchange resin is synthesised, one of the requisites for its 
characterisation is the knowledge of the ionogenic groups present and the variation 
of the replaceable hydrogen with Jy. This can best be determined by the titration 
curves of the resin in the hydrogen form, as the titration curves are characteristic 
of the ionogenic groups present in the resin (Topp and Pepper, /. Chem. Soc., 1949, 
3299 ; Gregor and Bregman, /. Amer. Chem. Soc., 1948, 70, 2370). The titration 
curves of a synthetic resin in conjunction with known principles of organic synthesis 
could be a useful tool for the elucidation of the structure of the resin. The 
replaceable hydrogen can be determined by other methods such as the determination 
of the ash in the salt form of the resin and the limiting exchange with salt solutions 
(Heymann and O’ Donnell, /. Cold. Scz., 1949, 4, 395). The behaviour of ion-exchange 
resins in the dynamic system and the estimation of the breakthrough capacity from 
that, also furnish useful information, especially for design purposes. 


In this part are described the results obtained from a sample of cation-exchange 
resin (termed later as HP-6) synthesised in this laboratory from3 mols. of phenol, 
lmol. of phthalic anhydride, 1.15 mol. of HeSO, and then further condensation with 
formaldehyde in an alkaline medium (Indian Patent, 44,359) and it includes the 
study of the titration curves with different salt concentrations, estimation of 
replaceable hydrogen with different methods, the behaviour of the exchanger in 
dynamic systems and the discussion of the probable structure of the resin, 

8 
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EXPERIMENTAL 


The experimental procedure adopted was similar to that described in Part I 
(loc. ctt.). 


The dark brown resin -20, +60 mesh was “conditioned” by three cycles of 
regeneration and exhaustion with 5% HCl and 5% NaCl respectively, and finally the 
regenerated form (HP-6-H) was obtained by washing with conductivity water. 
The ash content was less than 0.1% and the moisture content was 42.07% 
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Fig. 1 gives the titration curves obtained by plotting the cation uptake (here 
Na*) in m. eq/g. air-dried resin, against gu with and without AjJ2 and A/100 
sodium chloride. The titration curves (Topp and Pepper, Joc. czt#) indicate that 
at very low fu the active groups are of SO3H type, then upto fn 105-11 COOH 
type groups are also active, and above, the OH type of groups are also active. This 
is in agreement with the type of groups expected from the method of the synthesis 
of this resin. The curves also are in agreement with the fact that the capacity at 
the same fu is influenced by the ionic strength (Kunin and Myers, “Ion Exchange 
Resins”, 1950, Chapt. 5). The values for the total replaceable hydrogen at fu about 
10.5 is 2.84 and at fu 7 is 2.27 m.eq/g. of bone-dry resin (dried at 105° + 2°). 


Fig. 2 gives the plots of salt concentration against m.eq. of acid formed/g. of 
bone-dry resin, estimated by titration with standard sodium hydroxide solution, 
when 0.500 g. of air-dried resin HP-6-H was shaken intermittently for 24 hours at 
the room temperature with 50 c.c. of salt solutions of different concentrations. The 
blank was carried out with distilled water. The curves for both the salts, barium 
chloride and sodium chloride, first rise steeply with the concentration and then tend 
to coincide and become parallel to the concentration axis. The maximum value 
with barium chloride is slightly higher than that for sodium chloride within the 
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range of concentrations used, which may be due to the better binding capacity of 
the divalent ion (cf. Heymann and O'Donnell, doc. ct¢.). The maximum value obtained 
for replaceable hydrogen by the curves is 2.20 m. eq./g. bone-dry resin. 


The resin HP-6-H was converted into its barium salt. The value obtained for 
replaceable hydrogen from the ash (as BaSO,4) was 2.28 m.eq./g. of bone-dry resin. 

The capacity of the resin was also studied in dynamic system. A pyrex glass 
column of one inch diameter with a sintered glass funnel fused at one end was used. 
The bed length was 60 cm. ‘When the influent was 4/2 sodium chloride (2.5 c.c./min.) 
there was salt leakage throughout the run. When 4/100 sodium chloride was passed 
(40c.c.min.), the breakthrough capacity was 1.36 m.eq/g. oven-dry resin. 
The total capacity in both the cases was 2.15 m.eq/g. oven-dry resin, which is 
comparable to other values given before. 

The results obtained, estimated to be within 1% for replaceable hydrogen in 
m.eq./g. oven-dry resin HP-6H, are summarised below : 

(a) By titration curve in the presence of NaCl at gu 7, 2.27 ; at Ju 11, 2.84. 

(4) By determination of ash (as BaSO,) from the barium salt of the resin 

HP-6-H, 2.28. 
(c) By estimation of the limiting exchange with BaCle solution, 2.20. 
(d) By passing a solution of NaCl through the column of the resin and 
determining the acidity of the effluent 
(4) with A/2-NaCl, 215 (x of the last sample 28) ; 
(2) with 4/100-NaCl, 2.15 (x of the last sample 3.0). 

The Structure of the Restn—lIt is well known that by condensation of 
phenol with phthalic anhydride in presence of sulphuric acid, phenolphthalein is 
obtained which may exist as the colorless phenolpthalein or in the colored quinonoid 
form as disodium salt which becomes the colorless trisodium salt (Fieser and 
Fieser, “Organic Chemistry”, 1944, p. 848-849). 

From the method of synthesis (Joc. cz#.) the basic structural unit in resin HP-6 
should consist of phenolphthalein nucluei cross-linked with nuclei of phenol and 
phenol-sulphonic acid to form a three dimensional network. 


OH OH OH OH OH 
CH, —/ \-CH, —/ \—CH, (cH: -(~ ”™~ 
VV V/ V Pe 
| SO3;H ™ 
\o4 
SO3H 7> 
“~\ “\N . 
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The titration curve (Fig.1) indicates that the capacity at low x, which is 
due to SOsH type groups, is about two-third of the capacity at fx 10.5-11, which is 
due to both SO;H and COOH type groups (cf. Topp and Pepper, Joc cit.). 
Therefore, the replaceable hydrogens due to SO3H groups are about twice those due 
to the COOH groups. The carboxylic activity could be derived mainly 
from a structure of phthalein type. As phenol-sulphonic acid, when condensed with 
formaldehyde in alkaline solution, will not form a cross-linked structure, but only 
a low molecular weight lineate (Kressman and Kitchener, 7. Chem. Soc., 1949, 1192), 
the three dimensional nuclei should be formed through the agency of the phenolic 
nuclei. Therefore the following probable structure could be assigned to the 
basic skeleton, although as Houwink (Physikalische Ejigenschaften und 
Feinbau von Natur-und Kunstharzen, Leipzig, 1934) has suggested for phenol- 
formaldehyde condensation products, no strictly regular pattern could be assumed to 
exist in the molecule. The SOsH group in the phenol-sulphonate nuclei would be 
a mixture of ortho-and/or para-phenol-sulphonic acid. The structure of the 
phenolphthalein nucleus in the resin would assume any of the tautomeric forms 
mentioned previously depending on the conditions (Fieser and Fieser, Joc. cit.). 


On the basis of the titration curve in the presence of V/2-NaCl (Fig. 1) the 
equivalent, weight calculated on the basis of replaceable hydrogen from SO3H groups, 
is 528; on the basis of the model suggested it is 509.0. The equivalent weight on 
the basis of replaceable hydrogen for SO3H groups and COOH group (in the ratio 
2:1) is 337, while on the basis of the suggested model it is 339. Thus, there is a fair 
agreement between the experimental and calculated values. 


The authors wish to express their thanks to Dr. R.C. Shah, Assistant Director, 
Organic Chemistry, National Chemical Laboratory (at present also acting Director) 
for helpful discussion, and Mr. K.P. Govindan for help in some of the experimental 
work. 
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VISCOSITY OF ISOELECTRIC GELATINE SOLUTIONS 
By J. C. GHosH anp B. P. Gyani 


Viscosity of isoelectric gelatine solutions at different suctions, concentrations, and temperatures 
has been measured by a modification of Scarpa’s method. It is found that the viscosity is almost 
unchanged over a considerable range of suctions. The temperature coefficient of viscos'ty is negative 
and increases with increasing concentration and decreases with rise in temperature. Hydration and 
structure effects appear to be the factors responsible for the high viscosity observed. 


The purpose of these experiments is to obtain some information concerning 
the shapes of particles of the disperse phase in aqueous gelatine solutions and to 
see how the shapes may vary by changing the temperature, and adding different 
organic substances to the solutions. The latter aspect will be discussed in 


a subsequent communication. 


Although many workers have obtained data concerning viscosity of gelatine 
solutions, the results are frequently divergent. One of the reasons for this might be 
that the gelatine samples were not purified according to standard methods and 
little attention was paid for securing defined conditions for preparing the solutions 
of gelatine, 


EXPERIMENTAL 


The method used for purifying gelatine was that of Field (7. Amer. Chem. Soc., 
1921, 43, 667) who utilised the fact that the isoelectric point of gelatine is in the 
acidic region, and so it would loose no basic element present when dialysed for a 
sufficiently long time from acid solutions. The resulting acid gelatine compound 
could then be hydrolysed completely and the acid removed by further dialysis. 
The solutions, prepared from gelatine so purified, could be kept for about a fortnight 
in an ice chamber without any purefaction. The solution kept even better under 
toluene. 


The solutions were prepared according to Davies, Oakes and Browne (cdid., 
1921, 43, 1526) with air-free water. This method greatly decreased the frothing 
observed with un-purified gelatine. The viscosities were determined by a modification 
of Scarpa’s method as applied by Farrow (/. Chem. Soc.,1912, 101, 347). This 
method has several advantages over that of Ostwald, particularly when studying 
liquids liable to froth. The aspirator used by Farrow having been found inconvenient, 
a constant suction by using a three litre bottle Gas a pressure stabiliser (Fig. 1) 
was adopted. We employed two viscometer tubes with bulb capacities of 5 and 3 
c.c. respectively, having capillary lengths of 7cm. each. Suction was applied by 
mouth at J with H closed andI open. “I” was then closed so as to have a desired 
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pressure difference on the water manometer F. C and D contained glass-wool 
soaked in caustic soda. The rest of the arrangement is self-explanatory. A stop- 
watch reading directly to 0,1 sec. was used, and the viscometer was maintained at 






































E Water Thermostat 
D Glass wool soaked in NaOH G 





desired temperatures with the help of a water thermostat E in which the fluctuations 
were within + 0.1°. It was necessary to pay proper attention to the preparation of 
the solutions and the period and condition of their storage before the results could 
be reproduced satisfactorily. 


An approximately 0.5% solution of gelatine was brought to the isoelectric point 


by adding a few drops of 0.1N-HCI and its relative viscosity was determined by 
Ostwald’s method as well as by Scarpa’s method. Mean of ten readings was taken 
in each case, and shown in Table I. ¢; is the time of ascent and fg is the time of 
descent. 


TABLE I 


Viscostty of 0.5% tsoelectric gelatine solutions by Scarpa’s method. 
Temp.=35°. Suction-20 cm. /n=4.68. 





t). be. ‘¢. Relative visco- 
7 tst+t, . sity, 7r- 
Water 89.5 sec. 137.6 sec. 54.222 
gelatine soln. 97.9 150.5 59.315 1.094 


The relative viscosity by Ostwald’s method was found to be 1.0941. The 
measurements were made at least 24 hours after the preparation of the solutions as 
during the first few hours the viscosity increased to some extent, then decreased, and 
finally became constant.- This is in general agreement with the results of previous 
workers (Bogue, 7. Amer. Chem. Soc. 1922, 44,1313). Relative viscosity measure- 
ments with 0.3% and 1.0% gelatine solutions are given in Tables II and III. 
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VISCOSITY OF TSOELECTRIC GELATINE SOLUTIONS 


TABLE II 


Relative viscosity nr of 0.3% gelatine solution at 35° under different 
values of suction (fu=4.68). 


Water. Gelatine. 
Suction t). te. — tite ty bes bebe 
(cm. of water). F ° itt, . y = rm UV, =y/a. 

20 93.00 sec. 138.40 sec. 55.721 95.63 sec. 146.85 sec. 57.915 1.0394 
30 49.90 138.40 36.669 52.41 146.85 38.628 1.0533 
40 34.84 138.40 27.829 36.80 146.85 29.426 1.0574 
50 24.10 138.40 22.659 28.53 146.85 23.888 1.0542 
60 22.38 138.30 19.263 23.47 146.85 20.236 1.0505 
65 20.46 133.30 17.823 21.70 146.85 18.906 1.0607 


Mean relative viscosity 1.0525 


TABLE III 


Relative viscosity of 10% gelatine solution under different values of suction. 
Temperature = 35°. n= 4.68. 


Water. Gelatine. 
Binge = en ‘ te o= ae, . fe tee apie Tr =y/a. 
20 61.83 sec. 115.8l sec. 40,31 74.60 sec. 139.73 sec. 48.65 1.2069 
25 44.15 115.81 31.96 53.78 139.73 38.83 1.2118 
30 34.74 115.81 26.72 42.06 139.73 32.33 1.2009 
35 28.80 115.81 23.80 34.63 139.73 27.75 1.2034 
40 24.48 115.81 20.21 29.50 139.73 24.42 1.2083 
45 21.50 115.81 18.13 25.91 139.73 21.86 1,2057 
50 19.12 115.81 16.41 23.66 139.73 20.23 1.2328 
60 15.70 115.81 13.88 19.30 139.73 16.97 1.2270 


Mean relative viscosity = 1.2076 (leaving out the last two) 


It is seen from these tables that the relative viscosity of gelatine solutions 
remains constant over acertain suction range. 4 of 0.3% solution remains almost 
constant over the range of suction from 20 cm. to 60 cm. of water. Ata suction of 
about 65cm. of water the value of 7, hasa tendency to rise. This fact is more 
accentuated when a more concentrated solution is used, as is seen in Table III. Here 
M remains constant over 20 to 45cm. of suction. Above this it increases by about 
2%. It is also seen that the tendency forthe 7 value to increase occurs ata lower 
suction. 

The constancy of the 7 values over a certain range of suctions shows that 
Poiseuille’s equation is obeyed over that range. As the concentration increases, 
this range becomes narrower. This can be easily explained if we consider that the 
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gelatine solution possesses structural viscosity. Onthis basis one should expect an 
apparent high viscosity at low suctions. This has not been actually observed in these 
experiments, possibly due to the reason that the lowest suctions used were not low 
enough to bring about this effect. The increase in viscosity at sufficiently high suctions 
may be due to the vortices caused by the whirlpools of particles. The constancy 
of m; in the intermediate range may be due to lamellar flow of the solution (ct. 
“Chemistry of Proteins and Amino-acids”, p. 359, J. A. Churchill, Ltd., London, 1938). 


The intrinsic viscosity of gelatine, if its particles were spherical and unsolvated, 
would have been 0.025 from the relation 
[n]v ni nm —1 
cV 
where c is the concentration of gelatine in g./100 c.c. water, and V, the partial specific 
volume. In our case, using Svedberg’s value for V7, viz. 0.682 for gelatine, we get. 
[n]vy =0.253 against 0.025 computable from Einstein’s equation for the viscosity of 
solutions. One may ascribe the ten-fold high value to strong hydration of 
the disperse phase. However, Kramer (cf. Chem. Rev., 1942, 31, 561) first 
objected to the hydration theory for explaining the high values of viscosity 
(as observed with many protein solutions) and suggested that high viscosity was 
due to elongated particles alone. Recently, Ghosh and Shukla (this Journal, 1950, 
27, 323) have examined ferric silicate sols and considered a structural effect to be 
responsible for the formation of the gel and for non-obedience of Poiseuille’s law. 


To investigate the question of hydration of the disperse phase further, it was 
decided to study the effect of temperature on »,. It is found that when the 
disperse phase is ‘not hydrated (e.g. with most lyophobic colloids), the temperature 
coefficient of viscosity is 0.02, ze. the viscosity decreases by 2% for every l 
rise in temperature. Table [V shows the values of the temperature coefficients 
obtained for 0.3% and 1.5% gelatine solutions. Two different suctions were used in 
most cases and the mean was taken. One notes from Table IVA that the 
temperature coefficient gradually decreases from 2.22 at 15°-25° to 1.98 at 30°-40”. 
These values are not far from those expected for lyophobic solutions. This may be 
due to the fact that the solution is comparatively dilute so that the Brownian 
movement of the particles of the disperse phase is not hampered. In Table IVB the 
temperature coefficients are found to be larger, but again decrease from 5.50 at 25°-30 
to 2.30 at 40-50. The value tends to approach 2.0 and it seems that it will do so at 
about 60-70". This large decrease in the temperature coefficient values (which 
are negative always) shows that hydration is quite high. Had the particles been 
unhydrated and also rod-shaped, the temperature coefficient would have been 
positive at moderate velocity gradients and zero at very low and very high velocity 
gradients (cf. Kramer, doc. cz/, also Ghosh and Sukhla, doc. ci/./. The hydration 
therefore is considerable, and is also responsible for high viscosity. 
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TaBLeE IV 


A. 0.3% Gelatine soln. (pu 4.68). 


Relative Mean. 
viscosity. 
1.0864 1.0884 
1.0904 
1.0727 1.0727 
Rejected 
1.0838 1.0317 
1.0796 
1.0640 1.0640 
1.0574 1.0519 
1.0542 
1.0363 1.0363 
B. 1.5% gelatine soln. 
2.7110 
2.7072 2.7091 
1.6144 
1.6116 1.6130 
1.3645 1,3645 
1,2992 1.2992 
1.2399 1.2399 
1.1938 1.1938 
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2.22 from 1,3 
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STUDIES IN SESQUITERPENES. PART XI. SESQUITERPENES OF THE 
ESSENTIAL OIL OF ZANSJUM ANNAMALA YANUM, BEDD. 
STRUCTURE OF «-CHIGADMARENE 


By A. SOMASEKAR Rao, K. B. Durr, SukH Dev anp P. C. GuHA 


a-Chigadmarene, a new sesquiterpene isolated from the essential oil of Lansium annamalayanum 
Bedd, has been investigated in some detail. It belongs to the S-guaiazulene family. Its structure has 
been elucidated. 


In Part X of the series, isolation of a new sesquiterpene from the essential 
oil of Lanstim annamalyanum Bedd, for which the name «-Chigadmarene is proposed, 
has been reported. The present investigation was carried out with a view to 
ascertaining the constitution of the hydrocarbon. 

Molecular refractivity (66.07) of the terpene is in excellent agreement with the 
value (66.16) required for bicyclic sesquiterpene with two double bonds. The 
presence of two double bonds has been confirmed by perbenzoic acid titration and 
by quantitative hydrogenation over platinum oxide in acetic acid. The two double 
bonds show differential reactivity towards catalytic hydrogenation in alcoholic 
medium over Adams’ platinum oxide catalyst. The same behaviour is observed on 
quantitatively following the action of perbenzoic acid on «-chigadmarene every 
half-an hour (cf. Kolthoff and Lee, /. Polymer Sct, 1947, 2,206). The results 
indicate the probable presence of an exocyclic double bond. The second ethylenic 
linkage is much more substituted. 
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The hydrocarbon cannot be reduced by sodium and alcohol. It does not 
interact with maleic anhydride. These reactions point towards the absence of 
conjugation in the molecule. The molecular refractivity appears to support the 
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The infra-red spectrum (Fig. 1) does not show any strong absorption in the 
region 5.98-601 » and 11.5-12.5 #, characteristic of the double bond stretching vibrations 


and the C-H wagging vibrations, perpendicular to the Yce=cd plane, in the 
R 

grouping Ri-CH=CC *. Weak absorption bands at 6.1 and 11.26» probably arise 
3 


due to the exocyclic double bond (Zechmeister, “Progress in the Chemistry of 
Organic Natural Products”, pp. 348-54). 


«-Chigadmarene on dehydrogenation with sulphur gave only S-guaiazulene. 
Selenium dehydrogenation furnished Se-guaiazulene. The formation of S-guaiazulene 
under the milder conditions reveals the carbon skeleton of the molecule. 


On ozonolysis, formaldehyde was the only volatile product obtained. This 
shows that «-chigadmarene must contain at least one exocyclic double bond. 
The amount of acid products formed was negligible. The neutral non-volatile 
portion consisted chiefly of one fraction, b.p. 152°-154°/2 mm. This readily gave a 
semicarbazone, m.p. 184-86°, from which the original ketone could be easily regene- 
rated without any isomerisation (cf. Hegde and Rao, /. Soc. Chem. Ind., 1935, 54, 
387T.) as shown by conversion into the same semicarbazone. Combustion data for 
the ketone and the semicarbazone clearly show that the product can have C,4Hy0O¢9 
or C,;3H2eQz, the other possibility C;4H22O; being definitely ruled out. 


A compound having the formula C;3H29O¢ must be derived from a hydrocarbon 
having both the double bonds exocyclic, hence reaction of this C;3 compound with 
methylmagnesium iodide, followed by dehydration and dehydrogenation, should give 
rise to S-guaiazulene. However, when the above series of reactions were carried 
out with the ketone, no trace of azulene could be obtained. This definitely rules 
out the possibility of the ketone being C; sHg0QOx. 


A bicyclic sesquiterpene with one exocyclic double bond should normally be 
expected to give rise to a Cy4H29O3 compound, but a few cases (e. g. guaiol : cf. 
Plattner, Magyar and Okami, Helv. Chim. Acta, 1941, 24, 191)“are known, where 
C14H_22QOs, the primary product of ozonolysis, gives rise to Cy}4HooQOe by internal 
aldol-type condensation. Naturally, such cyclisation results in the formation of 
« ; B-unsaturated ketones. Thus, the C;4Hg9O2 compound must contain an ethylenic 
linkage conjugated to a carbonyl group. Molecular refractivity of the pure compound 
supports the presence of such a system. The presence of a double bond was also 
shown by quantitative hydrogenation over palladium-barium sulphate catalyst. 
No ultraviolet spectrum could be taken due to lack of facilities. 


The regenerated C,4Hq.O2 compound does not give a pink colour with 
Schiff's reagent and does not reduce Fehling’s solution or Tollen’s reagent. 
Moreover, oxidation with silver oxide according to the method of Delepine and 
Bonnet (Compt. rend., 1909, 149, 39), gave less than 1% of acid. These reactions 
show the absence of any aldehyde group. 
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Taking into consideration all these points «-chigadmarene may be represented 
by one of the following five structures. 
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Since ketone obtained from «-chigadmarene gave a positive iodoform test, the 
structure (II) is ruled out as the resulting ketone cannot give this reaction. 


When the pure ketone obtained from «-chigadmarene was treated with methyl- 
magnesium iodide, dehydrated and dehydrogenated, no picrate forming compound 
was obtained. Now, if a-chigadmarene had the structure (IV), the ketone after the 
completion of the above series of reactions should have given rise to cadalene or 
5-methylcadalene or 5-hydroxycadalene. 


A Kuhn-Roth (Bafarthel and La Forge, /md. Eng. Chem., Anal. Ed., 1944, 16, 
434; Prelog, Ruzicka, Barman and Frenkiel, Ae/v. Chim. Acta, 1943, 31, 92) 
determination of the terminal methyl number showed the presence of two methyl 
ketone groups. Oxidation of the ketone with sodium hypoiodite gave an acid whose 
equivalent weight was 113 (silver salt method). The following table gives the 
calculated terminal methyl numbers and equivalent weights of the acids expected on 
hypoiodite oxidation for the structures (1), (III) and (V). 


TABLE I 
Terminal methyl number. Equiv. of acid formed on 
Structure oxidation. 
No. Calc. Found. Cale. Found. 

I Slightly more than 1 224 or 89.3 

but less than 2. 
Ill Slightly more than 2 

but less than 3. 2.07 112 113 
Vv Slightly more than 1 224 or 89.3 


but less than 2, 


a-Chigadmarene may thus be represented by structure (III). Further work 
is In progress. 


ExPERIMENTAL 


Infra-red Absorption Spectrum.—Infra-red absorption spectrum of «-chigadmarene 
was taken with a Baird spectrometer. A 10% solution of the hydrocarbon was used. 


Dehydrogenation: Wth Sulphur—+-Chigadmarene (5 g.) and sulphur (2.5 g.) 
were heated at 190°-210° for 5 hours and the reaction mass was extracted 
with petroleum ether. The petroleum ether extract was passed down a column 
of activated alumina. Elution was carried out witha mixture of petrol and benzene 
(4:1). The blue solution coming down was collected separately. Removal of the 
solvent left 1.5 g. of a strong smelling, deep blue liquid (30% yield). The various 
derivatives were prepared in the usual manner and their melting points are recorded 
in Table II. Physical properties of a sample of azulene regeneratated from the 
picrate, are also given. 














A. S. RAO, K. B. DUT, S. DEV AND P. C. GUHA 


TaBLe II 

S-Guaiazulene* Azulene from 4-chigadmarene. 
Boiling point 167°/12 mm. 161-163°/9 mm. 
Density 0.973/20° 0.974/22° 
Picrate (m.p.) 122-23° 122-23° 
Styphanate (m.p.) 105-106° 105-106° 
T. N, T. compound, (m.p.) gy° 89-90° 
T, N. B. compound. (m.p.) 151-51.5° 151-52” 


* Elsevier's Encyclopaedia of Organic Chemistry, Vol. 12A, 1948. 


With Selentum.—This was carried out at 290-310° for 36 hours. The 


azulene was isolated as above, picrate m.p. 110°. Se-guaiazulene picrate has m.p. 


110° (Guenther, “Essential Oils”, vol II, p. 136). 
Ozonolysts 
Decomposition of Ozonide by Water.—The terpene (20 g.) was ozonised in dry 


alcohol-free ethyl acetate (200 cc.) at -10° in the usual manner (cf. Sukh Dev and 
Guha, this Journal, 1949, 26, 263). Ozonolysis was complete after 25 hours. 


Formaldehyde was detected in the issuing gases by the preparation of 
characteristic dimedone derivative, m.p. 188°; mixed m.p. with an authentic sample 
remained undepressed. 


After removal of the solvent, the ozonide was decomposed by water. No 
gaseous or highly volatile products were detected, The product was separated into 
ether-soluble and water-soluble portions. Presence of formic acid and formaldehyde 
in the latter part was established by the usual analytical methods. No acetone was 
present, The ether-soluble portion was further separated into acidic and neutral 
parts by sodium bicarbonate extraction. The acidic product was negligible. 


The ether extract containing the neutral products was dried over anhydrous 
sodium sulphate and the solvent removed, when a thick reddish liquid (21 g.) was 
obtained. This was fractionated several times under high vacuum, when only 
one chief fraction was obtained, b.p. 152°-154°/2 mm. (yield 10.5 g.). This appears to 
be somewhat unstable in air and turns yellowish. 


Decomposttion of the Ozontde with Zinc and Acetic Acid (Noller and Adams, /. 
Amer. Chem. Soc. 1926,48, 1076).—a-Chigadmarene (20 g.) was ozonised in ethyl 
acetate medium, as mentioned above, and the resulting solution of ozonide was cooled 
in ice. To it were added 80 c.c. of ether, followed by 20 c.c. of glacial acetic acid. 
The reaction mixture was kept stirred and zinc dust (5 g.) was added slowly along 
with 0.5c.c. of water, followed by 15g. of zinc dust and 2 c.c. of water. After the 
addition of zinc and water was over, the mixture was refluxed till it no longer gave 
a blue colour with starch-iodide paper. The zinc acetate sludge was filtered and 
washed thoroughly with ether. The original filtrate and ether washings were shaken 
twice with 100 c.c. portions of water, once with 40 c.c. of 10% sodium carbonate 
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solution, then with water and finally dried over calcium chloride. The solvent was 
then removed and the residue fractionated when a compound, b.p. 154’-156'/2 mm., 
was obtained in a yield of 11 g. The product is identical with the ketone 
obtained when water is used for breaking up the ozonide, as shown by mixed 
m. p. determination of the semicarbazones. 


The semtcarbazone was prepared in the usual manner (sodium acetate method). 
Repeated crystallisations from dilute alcohol gave glistening plates of semicarbazone, 
m. p. 184-86°. It was dried at 80/1 mm. over phosphorus pentoxide for several 
hours before analysis. [Found: C, 64.2; H, 9.14; N, 156. C,;Hes0O2eNs3 (derived 
from C,4Hg0Oe) requires C, 64.98 ; H, 8.3; N, 152 per cent. C};H2;O3Ns3 (derived 
from C,4HeeOs3) requires C,61.02 ; H,847; N,142 per cent. Ci4HesO2Ns 
(derived from C;3He9Oe) requires C, 63.4; H, 8.58; N, 15.85; per cent]. 


Oxidation of Ketone with Sodium Hypotodite—To the ketone (05 g.), dis- 
solved in 50c.c. of dioxane, was added sodium hydroxide (2.5 g.), dissolved in 
50 c.c. of water. A solution of iodine in potassium iodide (prepared by dissolving 
10 g. of iodine and 20 g. of potassium iodide in 100 c.c. of water) was added gradually 
with vigorous shaking till there was a faint red colour due to iodine. The reaction 
mixture was then heated in a water-bath at 60°. The brownish colour disappeared. 
More of the iodine in potassium iodide solution was added so that the colour of free 
iodine was permanent, at least for twenty minutes. Then the heating was stopped. 
The reaction mixture was concentrated to a small volume (about 10 cc.) ona _ water- 
bath, and then acidified with dilute hydrochloric acid. The product was taken up 
in ether, washed once with sodium thiosulphate solution to remove traces of iodine, 
and the acid extracted with sodium bicarbonate solution which on working up in 
the usual way furnished a gummy acid. This was transformed into the silver salt 
through the ammonium salt. The equivalent weight of the acid was then determined 
by the ignition of the silver salt. 


Authors wish to record their thanks to Prof. J. D. Roberts (M.I. T.) for 
taking the infra-red spectrum of «-chigadmarene. 
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SOL-GEL TRANSFORMATION OF THE FERRO AND FERRICYANIDES 
OF SOME METALS. PART II. STUDIES IN THE CONDUCTIVITY 
OF ZINC FERROCYANIDE DURING GELATION 


By S. SuLran ALI JEOFREY AND ABANI K. BHATTACHARYA 
Changes in the conductance of zinc ferrocyanide during gel formation has been studied. 


In the previous communication (this Journal, 1952, 29,511) we have observed 
that when zinc sulphate is mixed with (potassium ferrocyanide at _ suitable 
concentrations, gel formation takes place after a mechanical agitation by up and 
down jerks given to the mixture. The effects of temperature and also of concentration 
of the reactants have been observed. It has already been communicated that 
the stability of the gel of zinc ferrocyanide is increased at lower temperatures and 
that there is an optimum concentration proportion of the reactants at which the gel 
of maximum duration is formed. 

To supplement our previous observations the changes in the conductance of the 
mixture during gel formation were also studied to throw further light on the 


phenomenon. 

Dhar, Chakravarti, Prakash and co-workers (7. anorg. Chem. 1927, 168, 
209; this Jowrnal, Prafulla No., 1933, pp. 104) worked on the conductance of gels 
of silicic acid, cerium hydroxide, thorium hydroxide and several other inorganic 
gels. Their observations were specific with the nature of the compound. Silicic 
acid and ceric hydroxide showed an increase in conductivity during gelation but 
no generalisation of the conductivity changes during gelation of inorganic gel-forming 
systems was arrived at. 

Laing and McBain (/. Chem., Soc, 1920, 117, 1506) studied the conductance and 
other physical properties during sol-gel transformation of various gel forming systems 
and observed that in some cases there was no change in conductivity, while in others 
marked change was observed. 

The changes in conductivity during the process of gelation may give some 
useful information of the mechanism of the process. We reccord here some of our 
observations on the change of conductance during the gel formation of zinc 
ferrocyanide. 


EXPERIMENTAL 





Potassium ferrocyanide (A. R.) and zinc sulphate (A. R.) were taken and 
standard solutions were prepared. Zinc sulphate was estimated against a standard 
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solution of ferriferrocyanide using diphenylamine as an internal indicator, and 
potassium ferrocyanide was estimated against a standard solution of potassium 
permanganate (A.R.). Zinc sulphate and potassium ferrocyanide were mixed in 
various molecular proportions and the mixture was shaken by applying jerks in the 
conductivity cell placed in the thermostat at 25°. The conductance of the mixture 
was determined by the standard Kohlrausch Bridge (W. J. Pye Ltd.) every five 
minutes. The cell used was one having two stout platinum plates parallel to each 
other along the length of the cell-wall. All necessary precautions for platinising the 
electrodes and cleaning them were duly taken. The quantity of the mixture was 
so calculated as to keep the electrodes completely immersed in the gel forming 
mixture. The conductivity change with time is shown in Table I. The time- 
conductivity curves were plotted to show the stable and unstable states during 
the gel formation. The zerotime was taken from the time the electrodes were 
dipped into the mixture. 


Calc. wt. of the zinc ferrocyanide gel = 0.5 g. 

Strength of potassium ferrocyanide = 1//1.56 or 236.09 g/litre. 

Strength of zinc sulphate=1.241/ or 1646 g,/litre. 

Zinc sulphate was added to potassium ferrocyanide followed by ten jerks. 


TABLE I 
Temp.=25°. 
Mol. ratio of Time. 1/R. Mol ratio o Time. 1/R. 
ZnSO, : K,FeCyg. K,FeCy, : ZnSO, 
1: 3/4 0 min. 0.5263 1:5/8 0 min. 0.6666 
(Curve No. 1) 5 0.5000 (Curve No. 5) 5 0.6250 
10 0.4761 10 0.6060 
85 0.4761 15 0.5882 
90 0.5000 21 0.6060 
115 0.5000 25 0.6250 
120 0.5128 30 0.6451 
130 0.5128 40 0.6451 
135 0.5263 45 0.6666 
140 0. 263 50 0.6666 
0 0.4545 0 0.5263 
1: 5/8 5 0.4000 1: 3/4 5 0.5000 
(Curve No. 2) 10 0.4000 (Curve No. 6) 10 0.4545 
18 0.4166 35 0.4545 
60 0.4166 40 0.4761 
65 0.4347 45 0.5000 
95 0.4347 50 0.5128 
100 0.4545 55 0.5128 - 


0.4545 
































Mol. ratio of 
ZnSO, : K,FeCy,. Time. 


1: 5/4 0 min. 
(Curve No. 3) 5 
10 
16 
41 
45 


65 


91 
115 


1: 2/3 a 
(Curve No. 4) 5 


110 
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TaBLE I (conid.) 


Mol. ratio of 
1/R. K,FeCy, : ZnSO,. 


0.8333 1: 5/4 
0.7407 (Curve No. 7) 
0.6896 

0.6451 

0.6451 

0.6756 

0.6756 

0.6896 

0.6896 

0.7142 

0.7142 

0.7407 

0.7407 

0.7692 

0.7692 

0.7812 

0.7812 

0.8006 1:1 
0.8006 (Curve No. 8) 
0.8332 

0.8333 


0.4761 
0.4166 
0.4166 
0,4545 
0.4545 
0.4761 
0.4761 


DiscusSston 


(a) The relation between the various stable phases 
ferrocyanide and the time of their stability. as shown by the conductance of the 
gel forming system at different intervals. 
(4) The interpretation of the conductivity changes that are brought about 
during the course of gel formation of zinc ferrocyanide. 


Time. 


0 min. 


10 
140 
145 


165 


110 
115 
121 
144 

159 


1/R, 


0.6896 
0.5882 
0.5263 
0.5263 
0.540» 
0.5405 
0.5882 
0.5882 
0,6250 
0.6259 
0.6451 
0.6451 
0.6666 
0.6666 
0.6896 
0.6896 


0.6896 
0.5882 
0.5555 
0.5000 
0.5000 
0.5263 
0.5555 
0.5882 
0.5882 
0.6060 
0.6060 
0.6250 
0.6250 
0.6666 
0.6666 
0.6896 


Our observations on the formation and stability of zinc ferrocyanide gel 
may be discussed from two aspects on the basis of the conductivity results : 
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The nature of the conductivity-time curves (Nos. 1 to 8) show quite a 
number of stable phases at certain intervals of gelation as well -as during the 
breaking up of the gel structure. In all cases of mixing the reactants in different 
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proportions, the conductance gradually falls to a minimum till it attains a maximum 
constancy for a certain period, at which stage the gel formation is complete. At 
longer intervals than this, the conductance begins to increase and passes through 
stages of constancy at certain other intervals but much smaller than the first one. 
With certain molecular concentration of mixing the reactants there have been 
more than half a dozen stable periods of conductance showing the different stable 
phases of the gel-forming particles of zinc ferrocyanide. The constant values of 
conductance at certain periods suggest a constancy of composition of the hydrated 
particles of zinc ferrocyanide which are stable for short intervals. The actual 
gel state corresponds to the interval when the conductance is minimum except in 
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such cases (as in curve 2&5) where the concentration of one of the reactants is 
more than one and a half times the other. 


Reasons for such changes of conductance with time may be explained as being 
due to the adsorption of the soluble salts and due to the hydration of zinc ferrocya- 
nide particles. The resistance of the medium is also increased due to hydration 
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during gel formation. Hence, conductance falls considerably at the beginning up 
to a certain length of time and then gradually increases after remaining constant 
for some time (the maximum stability time of the gel). It seems probable from the 
rise of conductance that there is a gradual degradation of the hydrated particles after 
the period of maximum stability. The adsorbed ions are also simultaneously released 
to make the conductance go up, yet a few more stable compositions of the semi-gel 
particles are perceptible by the sharp constancy periods of conductance. 


It is interesting to note that in the formation of the zinc ferrocyanide gel, the 
conductance at the final stage returns to its original value and then remains constant. 
At this stage the gel is completety destroyed. 
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By plotting the maximum periods of constancy of conductance for different 
gels against the molecular ratio of the reactants, it is observed from-curve No. 9, 
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that the maximum stability of conductance increases up to the ratio of ZnSO,: 
K4FeCy,=1:0.8, which indicates the proportion for preparing the most stable gel, 
that is, one having the maximum stability. This ratio observed by conductancc is 
in agreement with the ratio which was observed by direct observation of the 
stability-time with a stop-watch, as communicated in Part I of this series (doc. c7z.). 


Thanks of the authors are due to Dr. S. S. Deshapande for his kind interest in 
this work. 


CHEMICAL LABORATIORES, Received January 3, 1951. 
Aora Cotiece, AGRA. 
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STUDIES ON THE COMPOSITION OF COMPLEX FERROUS 
FERROCYANIDE BY THERMOMETRIC METHOD 


By Ram SaHAI SaXkNA AND Asani K. BHATTACHARYA 


, The composition of ferrous ferrocyanide has been investigated by the method of thermometric 
titrations between ferrous sulphate and potassium ferrocyanide at various concentrations of these 
reactants. In the direct titration, the titration curve yields two equivalence points corresponding to 
the formation of FeK,[Fe(CN),] and Fe,[Fe(CN),]; while in the reverse titration only one point 
is observed corresponding to FeK,[Fe(CN)g]. 


In continuation of our previous publications on the composition of this 
compound by physico-chemical methods (this Journal, 1942, 29, 284, 535) attempts 
have been made to substantiate these conclusions by thermometric titrations, and 
the results have been incorporated in this paper. 


EXPERIMENTAL 


Anala R B. D.H. reagents were used. Pure ferrous sulphate crystals were 
prepared by recrystallising from alcohol and dissolved in presence of dilute H2SOx. 
The solution was standardised against potassium permanganate. Potassium ferrocya- 
nide was estimated in a similar way (cf. Treadwell and Hall, “Analytical Chemistry”, 
Part II, p.536), 


The arrangement for the thermometric titration was similar to that described by 
Dutt (this Journal, 1945, 22,4) and by Haldar (zdzd., 1946, 23, 147). Using different 
concentrations of the two salts in solution, the titrations were followed by the direct 
and the reverse methods, z.¢. when FeSO, solution (from burette) was added to 
potassium ferrocyanide solution in the Dewar flask and wice versa. Titrations were 
also carried out in presence*of alcohol up to the total concentration of 20% by volume. 
The conditions of the experiments for various titrations were maintained as constant 
as possible. The total rise in temperature was then plotted against the titre in c.c. 


In order to show the discrepancy between the calculated values and those obser- 
ved from the curves, a summary of observations in aqueous and alcoholic solutions is 
given in the following table. 
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TABLE I 
Points showing breaks. 
Direct titration (curves 1-3). 
2 M-FeSO, and M/2.5-K,Fe(CN).. Conc, ratio=5: 1. 
In aqueous solutions. In alcoholic solutions. Formula 
Calculated. Observed. Calculated. Observed. supported. 
I Break 4.0 c. c. 3.80 c. c. 3.6 c. ¢. 3,45 c.c. in 10% alcohol 
FeK,[Fe(CN).«] 
3.2 3.10 20% 
Il Break 8.0 7.70 7.20 7.05 10% 
tric Fe. [Fe(CN).] 
nee . 6.40 6.35 20% 
” Reverse titration (curves 4-6). 
int 
M/7.5-K,Fe(CN), and M/2.5-FeSO,, Conc. ratio =25 : 7.5, 
One Break 6.0 5.6 5.4 c.c. 5.20 10% 
. FeK,[Fe(CN).] 
ats 48 4.70 20% 
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Fic. 2 
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Disctsston 


The following equations seem to represent the possible reactions between ferrous 
sulphate and potassium ferrocyanide in the direct and the reverse titrations. 
Direct Titration—When FeSO, from the burette is added to K,Fe(CN), in the 

, 


Dewar flask. 
1. K4Fe(CN)¢+FeSO,—>FeK,[Fe(CN),]+K2SO, 


2. FeKe[Fe(CN),] +FeSO,—>Fee[Fe(CN).] +K2SO,4 
Reverse Titralton—When K,Fe(CN)., from the burette is added to FeSO, in 
Dewar flask. 
3. 2 FeSO,+K,Fe(CN),.—~>Fee[Fe(CN).] +K2SO, 


Taking into consideration the strength of the solutions of FeSO,4(24/) and 
K,Fe(CN)<¢ (4/2.5), the theoretical titre values required for 20c.c. of K,Fe(CN), 
for the formation of the compounds FeKg[Fe(CN),] and [Fee[Fe(CN).,] in direct 
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titration would be 4.0 c.c. and 8.0 c.c. of ferrous sulphate respectively. In the reverse 
titrations, the theoretical values can be calculated accordingly. 


In the direct thermometric titration curves (Fig.1) two breaks appear at the 
points corresponding to FeSO, : K4Fe(CN), approximately in the ratio of 1: 1 and 
2:1, suggesting the formation of compounds FeKg [Fe(CN),] and Feg[Fe(CN)g]. 
The curves in the reverse titrations z#¢., when K,4Fe(CN)g is used as the titre, show 
only one break corresponding to the formation of K2Fe [Fe(CN)<g]. 


From the above table it will be clear that both in the case of the direct and the 
reverse titrations, the points of break as observed from the curves are slightly lower 
than the calculated values. When the titrations are carried out in presence of 
increasing amounts of alcohol, the observed titre values in both cases gradually 
aparoach the calculated ones more closely. This discrepancy between the’ observed 
and the calculated titre values in aqueous medium and the subsequent change, when 
the titrations are performed in aqueous-alcoholic medium, supports our views on the 
adsorptive behaviour of such complexes (/oc. c7¢.). 

The adsorption of Fe” and Fe (CN), ions from the surrounding solution, by 
the precipitate, would be to decrease the titre values in aqueous medium in both cases 
which should then increase in the presence of alcohol which helps to check the 
adsorption. This has been actually observed. Quantitative work on adsorption of 
these ions by the complex has been carried out and the results will follow shortly. 


From the breaks in the titration curves (Figs. 1-2) it appears that the compound 
FeKe [Fe(CN),] is first formed, which with excess of FeSO, changes to 
Feg[Fe(CN).], the latter corresponding to the second break of the curve. In the 
reverse case, although the titration is carried out in presence of excess of ferrous 
sulphate, it is interesting to note that the break cc :esponding to Feo [Fe (CN).] 
is not observed. 

The results of the thermometric titrations are in conformity with the conclusions 
of the authors in the conductometric and potentiometric investigations (Joc. cti.). 


Thanks of the authors are due to Dr. S. S. Deshapande for his interest in 
the work. 


VUHEMICAL LABORATORIES, 


Acra CoLiece, AGRA. Received February 13, 1952. 
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THE INTERACTION OF NITROUS ACID WITH “FORMAMIDINE 
DISULPHIDE” AND ITS DIMETHYL HOMOLOGUE. CONS- 
TITUTION OF FORMAMIDINE DISULPHIDE 


By R. H. SAHASRABUDHEY AND RANBIR SINGH 


It has been shown that Werner’s mechanism of the interaction of nitrous acid and “formamidine 
disulphide” does not explain all the experimental observations, A new mechanism is now proposed 
which explains all the facts of the reaction and supports the monomeric view of the constitution of the 
“disulphide” suggested earlier. The reaction has been also extended to the oxidation product (the 
“disulphide”) of as-dimethylthiocarbamide with similar conclusions. 


The interaction of nitrous acid and “formamidine disulphide’ (I) was 
investigated by Werner (_/. Chem. Soc., 1912, 101, 2180) who suggested the follow- 
ing reaction mechanism : 


2N.C.S.S.C.NH, OH.C.S.S.C.OH+2Ne2 + 2H2gO+2HX 
(2) , 2HX+2 HNO.—> 


l ll I Il 
N NH HN NH 
(D 
HO.C.S.S C.OH 
(22) i] Hl —> 2 HCNS+H,0+0 
HN. NH 


However, in the light of some of the recent work of one of us, it appeared that 
the so-called “formamidine disulphide” may not have a truly disulphide structure (1), 
but might be better represented as in (II) (Sahasrabudhey, this Journal, 1951, 28 119, 
309, 341). 
H2N.C.NH, 4* 
[ f | x- 
S 
(IT) 
Analogously, its dimethyl homologue should be depicted as (IV) instead of 
as in (III). 
iMe Me M yf 


e 
DNCSSCN < | onx \NCNH: | x- 
P I 
€ HN HN e Me 5s 
(II) (IV) 


Since, weight for weight, the structure (II) has double the number of amino 
groups as compared with (I), and whereas the (IV) has one amino group and the 
(III) has none, a re-examination of the above interaction and its extention to the 
dimethyl derivative with a view to testing the validity of the above structures 
appeared desirable. 
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It has now been shown that in the interaction of nitrous acid and “formamidine 
disulphide’, only half the thiocyanic acid of that expected on Werner's mechanism 
is formed. In addition, ammonia and carbon oxysulphide have been detected in 
the reaction products, the formation of which cannot be explained on Werner's 
mechanism (vide supra). The quantity of gaseous nitrogen evolved has been found 
to be about 25-33% extra over what can be accounted for on the disulphide structure 
(I) (vide Experimental : The ammonia and extra nitrogen evolved correspond almost 
to one full additional equivalent of - NHg group). 


In the case of “disulphide” from as-dimethylthiocarbamide, no nitrogen is 
expected on structure (III), but, in agreement with structure (IV), it has now been 
found that nitrogen, almost 90-95% of an equivalent of a -NHo, is evolved with 
carbon oxysulphide as the other gaseous product. From the solution one equivalent 
of dimethylamine, as expected on structure (IV), can be distilled out. 


In view of these facts the following reaction mechanism would appear to be 
more probable : 





NH;.C.NH_ NHg.C.OH 
() af i |-x+2 HNO.—>| i |-x+2 N.+2 H,O 
NHg¢.C.OH NH3.C.0H+2 HX+HNCS+0O 
Ga) af f |-x — i 
Disproportionation S 
NH,z.C.OH : 
(722) II > NH;+COS 
Ss Acid medium 
and to a small extent, 
NHs3.C.0H 
: oS HNCS +H,O 
In the case of dimethyl derivative : 
Me Me 
() 4 DNCNH |-x+2 HNO,—>2 N.C.OH|- X+2 No+2 HzO 
e H ok Me H <a 
iMe Me 
(i) | >NCOH|-X+H;0 —> 2 \ N.C.OH+2 HX+0 
M I Me . 
e S os Ss 
Me Me 
eo N.C.OH —> NH+COS 
(2) 2 sia I! acid ad 


S 


The reaction evidently supports the monomeric view of the constitution of 
the so-called “disulphide”, 
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ExPERIMENTAL 


Preparation -of “Formamidine Disulphide” Salts——The hydrobromide of 
“formamidine disulphide” was prepared by the interaction of bromine with thiocar- 
bamide, as already described (this Jourma/, 1951, 28, 309). 


The derivative from as-dimethylthiocarbamide was obtained as follows : 


The as-(or N:N)-dimethylthiocarbamide is easily soluble in chloroform. 
Treatment of the chloroform solution with bromine in chloroform (in 1:1 ratio 
of reactants) resulted in the precipitation of a pale yellow product which on 
treatment with alcohol gave the colorless crystals of the “hydrobromide”, m. p. 
210° (decomp.). The substance in its general behaviour is closely analogous to “for- 
mamidine disulphide hydrobromide”. In an aqueous medium it liberates HBr, pre- 
sumably by hydrolysis, which can be quantitatively estimated titrimetrically and 
agrees with the composition (CSNeH2Me;)Br. It liberates iodine from aqueous 
potassium iodide and precipitates sulphur on treatment with alkali. Molecular 
weight was determined cryoscopically using water; 0.6058 g. in 25c.c.and 30c.c. 
gave a depression of 0.345° and 0.290° respectively, corresponding with the M. W. 
127 and 125.3. In more concentrated solutions slightly higher values were obtained, 
e.g. 1.008 g. in 25 and 30 cc. gave a depression respectively, of 0,54° and 0.44’, corres- 
ponding to the molecular weights 134.4 and 137.4 respectively. Calc. M. W. for the 
monomeric formula (CSN2H2Mez)Br is 184 and for the dimer, 368. The observed 
low values of molecular weight are evidently due to a partial dissociation of this 
substance which has saline properties. 


Interaction of “Formamidine Disulphide Hydrobromide” with Nitrous Acid 
(Gasometric study).—The experimental procedure and technique were similar to 
those adopted by Werner (loc. cit.) and Krall e¢ al. (this Journal, 1935, 12, 640; 
1937, 14, 478 ; 1938, 15, 217). 


The reaction was carried out in a Lunge’s nitrometer with mg. 7 quantities 
of the reactants in the ratio 1:1,1:2and in some cases 1:3 (for example 1:1 
ratio, 0.156 g. of “formamidine disulphide” hydrobromide or 0.184 g. of dimethyl 
homologue and 1 c.c. of a normal solution of sodium nitrate were taken), under 
different conditions of acidity, viz. normal acetic acid or normal sulphuric acid media. 
In every case the progress of the reaction was noted by observing the rate of gas 
evolution (Fig. 1) and -analysis of the evolved gas, separately with ferrous 
sulphate, aqueous potash and alcoholic potash. 


In experiments where two or three proportions of nitrous acid were used, 
the reaction was carried out in two or three stages. For example, in experiments 
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in 1 : 2 ratio, the reaction was first carried out in 1: 1 ratio of reactants, the evolved 
gas was expelled and then a second equivalent of nitrite added. 
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Interaction of nitrous acid : 


With formamidine disulphide bromide. With dimethylformamidine disulphide bromide. 
Curve. Curve. 
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° » acetic acid “a ie i » sulphuric acid wie VI 
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The results with “formamidine disulphide hydrobromide” are presented in 
Table I and those with the dimethyl derivative in Table IL. 


Experiments were also carried out, neglecting the gas phase, to obtain 
information about the possible reaction products. They are summarised below. 


(a). Formation of Thtocyanic Actd in the Interaction of Nitrous Actd and 
Thiocarbamide in a strong Actd Medium.—According to Werner, the thiocarbamide 
in this reaction is at first oxidised to “formamidine disulphide” which then reacts 
with nitrous acid forming thiocyanic acid. The experiment was repeated under 
Werner’s conditions : 


Thiocarbamide (1.52 g.) was dissolved in water (100 c. c.) and nitric acid (3 cc, 
conc.) added. A 6% solution of Sodium nitrite was gradually run in until a drop 
of the solution (reaction mixture) had ceased to give turbidity (due to precipitation 
of sulphur from unreacted “formamidine disulphide”) on treatment with a drop 
of ammonia. The solution was made up to 250 c.c. and estimated for thiocyanic 
acid by Volhard’s method. A//10-Silver nitrate (5¢.c.) was found to be equal 
to 12.5. c. of this solution. This corresponds with only one equivalent of HNCS 
per molecule of the “disulphide”. 


In the liquors sulphate was detected qualitatively. Its estimation proved 
impracticable because of the precipitation of sulphur by the decomposition of HNCS 
on either acidification with hydrochloric acid or on heating alone. 


Since there is a possibility of thiocyanic acid having been oxidised in this 
case by excess of nitrous acid, the experiment was repeated in a slightly modified 
form when a known excess only of nitrite was added. 


(4). Thiocarbamide (1.52 g.) was dissolved in 100 c.c. water containing nitric 
acid (conc., 4 c.c.) ; sodium nitrite (2.76 g.) in 20 c. c. water was gradually added while 
the thiocarbamide solution was cooled in ice. It was observed that when about 
9-10c.c. of nitrite solution had been added, the evolution of brown fumes 
stopped and a colorless gas (nitrogen) started evolving. The solution at this 
stage contained a good white granular precipitate of “formamidine disulphide” 
nitrate. Further addition of the nitrite was continued, and when all of the latter 
had been added, the reaction mixture still contained some unreacted “formamidine 
disulphide” nitrate. Further 48c.c. of the nitrite solution was required (0.68 g. of 
NaNO.) to completely decompose the “disulphide” salt as indicated by the 
ammonia test. The solution was made up to 250 c.c.and thiocyanic acid estimated 
as above ; 5c. c. of V/10-silver nitrate were found equal to 11.7 c. c. solution indicating 
1.12 molar proportions of thiocyanic acid per molecule of the “disulphide” (ID). 


The precipitate obtained with silver nitrate was good white. It was estimated 
for silver. (Found: Ag, 65.0. Calc. for Ag SCN : Ag, 65.0 per cent). 


(c) Interaction of Nitrous Acid with “Formamidine Disulphide 
Hydrobromide” in 1:1 ratio: Formation of Thiocyanic Acid and Ammonia.— 
“Hydrobromide” (0.312 g.) was dissolved in about 5c.c. of water and treated 
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n with 2 c. c. of normal sodium nitrite solution. The mixture was allowed 15 minutes 
for completion of the reaction, when it was made up to100c.c. On estimation by 
. Volhard’s method this was found to be equivalent to 31.6 c.c. N/10-AgNOs. Out 
of this 20 c. c.of silver nitrate are accounted for by the hydrobromic acid and 
F the remaining 11.6 c. c. must have been used up by the thiocyanic acid. On Werner's 
mechanism (vzde infra) 20 c. c. silver nitrate should have been required. 


S The above experiment was repeated with lerger quantities with similar 
r results. 


Ammonia was estimated in these solutions by distillation with alkali. In two 
independent experiments it was found to be equivalent to 18 cc. and 17.5 c.c. of 
N/10 acid, respectively. This is about 75% of the equivalent of thiocyanic acid 
(vide supra). 


(d). Iodine liberation by the Restdual ““Formamidine Disulphide Salt” in 
experiments with 1:1 ratio of reactants in Acetic Acid and Sulphurte Actd Medta.— 
The reaction was carried out with 0156 g. of the “hydiobromide” and 1 cc. 
of N- sodium nitrite solution in a normal acetic acid and sulphuric acid medium 
respectively. After the gas evolution had ceased the liquors were treated witha 
large excess of potassium iodide (till some solid KI was left undissolved) and 
liberated iodine estimated with .V/10- thiosulphate. Iodine equal to 0.7 c.c. and 3.1 
cc. of hypo respectively was found. [Iodine calc. for 0.156 g.=10 cc. N/10 
thiosulphate.] (cf. Experiments 9 and 20 in Table I). 


(ce). Interaction of “ Formamidine Disulphide Hydrobromide” from as-Dimethyl- 
thiocarbamide with Nitrous Acid tn 1:2 ratto: Formation of Dimethylamine.— 
Since all the “disulphide salt” did not react in one’stage of an1l:1 reaction, 
the reaction was carried out in 1 : 2 ratio of the reactants (cf. Experiments 1 and 4 in 
Table II; 0.184 g. “hydrobromide” and 2c.c. normal nitrite solution). After the 
evolution of gas had ceased the liquors were digested for about half an hour with 
6N-sulphuric acid (for hydrolysing the dimethylthiocarbamic acid; wide supra) 
and dimethylamine estimated by distillation with alkali. In two independent 
experiments dimethylamine found was 9.8 c.c. N/10-sulphuric acid (calc. dimethylamine 
=10.0 cc. HeSO4) (vtde supra). The digested liquor on treatment with picric 
acid gave a picrate, m.p. 156°, confirming the presence of dimethylamine. 


Ss eS Ve ~~ ll ed 


DiscUSSION 


lt will be seen from the curves I-VI and VIII in Fig. 1 that the reaction between 
the “formamidine disulphide salts’ and nitrous acid in the ratios 1; 1 and 1: 2 of the 
reactants, in presence of acidic or aqueous media, is very fast, almost over 90% of the 
evolved gas being produced within 2 to 5 minutes of starting the reaction. The final 
volume of the gas evolved is also a fairly constant quantity (vide Tables I and II) 
indicating that the reaction is not subject to uncertain secondary influences. 





If the average volmes of gases formed and their analysis in the above experi- 
ments (Table I) are considered, it is found that 
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(4) In 1:1 ratio of reactants in normal acetic acid medium, the total volume 
of the gas evolved at N.T.P. is 21.1 cc. out of which 768% is Ne and 232% COS 
(Expts. 5a-9). 


(iz) In1: 2 ratio of reactants in acetic acid medium, in the second phase of the 
reaction 19.3.c.c. gas are evolved at N.T.P. of which 60% is Ng 27%, NO and 
13%, COS. 


The overall picture of both the phases of reaction being: total gas 40.4 c.c. 
at N. T.P. out of which 68.4% (27.63 c.c.) is nitrogen, 18.1% (7.31 cc.) COS and 13.5% 
(5.45 c.c.) NO. 


(212) In normal sulphuric acid medium, the total volume of the gas evolved 
in three phases is 63.4 c.c. at N.T.P., of which 29.6 cc. is nitrogen and the rest, a 
mixture of nitric oxide and carbon oxysulphide. 


From these experiments it is clear that the quantity of nitrogen evolved is about 
25% and 33% more respectively, in acetic acid and sulphuric acid media than what is 
expected on Werners’ mechanism. Formation of carbon oxysulphide is also a fact 
not hitherto observed and accounted for. The results of experiments (a), (4) and (c) 
further indicate that the quantity of thiocyanic acid formed is only half of that 
expected on Werner's views (v7de supra), and in addition ammonia equivalent to 
75% of the thiocyanic acid can be distilled from the reaction liquors. Experiment (d) 
further shows that the nitrogen evolved in the first phase in acetic acid medium is 
solely a product of “disulphide”-nitrous acid interaction. The nitrogen evolved in 
later srages is not all formed by the reaction with the “disulphide” that has escaped 
reaction in the first phase, but a fair portion of it is obtained from derived products. 


Experiments in Table II, which were carried out with the “disulphide salt” 
from as-dimethylthiocarbamide, also show similar results. Almost 90-95% of the 
equivalent of nitrogen, expected on the presence of one primary amino group per 
molecule of the “disulphide” (structure III), is formed in two stages of the reaction 
in an acetic acid medium, whereas none is expected on a truly disulphide constitu- 
tion (IV) which has no-NH, group. Thiocyanic acid is not formed, as indeed, is 
expected, but carbon oxysulphide is obtained as with thiocarbamide derivative. The 
liquors of the 1 : 2 ratio reaction, when distilled with caustic soda (vide experiment e¢) 
evolve almost one full equivalent of dimethylamine, expected on the monomeric view 
(IIT of the structure of the disulphide (IV). Formation of COS, NHs or dimethyl- 
amine is suggestive of the formation of thiocarbamic acid or its dimethyl homologue 
as intermediate stages in this reaction. 


Thanks of the authors are due to Principal S. S. Joshi, D.Sc. F.R.LC., F.N.I. for 
his interest. 


CHEMISTRY DEPARTMENT, 
CoLLEGE OF SCIENCE, Received August 20, 1951. 
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SUPERSATURATION LIMITS OF SOLUTIONS 


By N. S. PANCHANATHAN 


Supersaturation limits 7s -.T:c of barium chloride, boric acid and potassium chloride have been 
determined and the results compared with those of previous workers. 


The value of 7s - Ze depends on the temperature coefficient of solubility. De 
Coppet. (Ann. chim. phys , 1907, v1tz, 10, 457) opposed the views of Miers and 
Issac (7. Chem. Soc., 1906, 89, 413) and Hartley and Thomas (2d7¢., 1906, 89, 1016) 
on the existence of a metastable region beyond which a saturated solution had to 
be cooled before spontaneous crystallisation. However, as a result of some 800 
experiments Hartley, Jones and Hutchinson (z7¢., 1908, 93, 825) established beyond 
doubt the existence of this metastable region. Recently Ram Gopal (this Journal, 
1943, 20, 183; 1944, 21, 103, 145; 1947, 24,279; 1948. 25, 87) and Srikantan (2327, 
1950, 27, 627) have reported the supersolubility limits 7s- Z- of a number of 
substances, where 7s and /J7Zc are the temperatures of saturation and of 
spontaneous crystallisations respectively. Their results are slightly different for the 
same substances perhaps due to differences in the experimental conditions. Miers’ 
condition (Joc. ct.) has been followed by the latter. The values for potassium 
chloride given by the former are different from those given by the latter. In the 
case of substances like boric acid, ammonium chloride etc., temperature coefficients 
of solubility are not uniform; Srikantan (Joc. cit.) reports different values for 
7s- 7c at different temperatures. In this note three substances, viz., (2) pota- 
ssium chloride, whose temperature coefficient of solubility is constant, (zz) barium 
chloride (crystalline) which has water of crystallisation and has a constant tempera- 
ture coefficient, and (227) boric acid, whose temperature coefficient varies, have been 
taken for examination. The purest specimens were taken, analytical quality of 


Merck being used. 


ExPERIMENTAL 


The apparatus consisted of a small pyknometer-like tube of volume 10 c. c. 
Accurately weighed quantities of substances forming saturated solutions in 5c. c, 
were introduced into the bulb through the wider end, it being carefully washed down 
with exactly 5c. c. of thrice distilled water. The tube was carefully sealed and 
hung in a beaker (containing water) by means of a wire. The contents of the 
pyknometer could be kept continuously shaken by means of the wire. The beaker 
containing water could be heated, the rate of heating being controlled by the 
adjustment of the flame. Lower temperatures were obtained by adding ice-cold 
water to the beaker. The temperature was measured within +0.1° till the substance 


dissolved. 
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It is to be noted that the value of 7s- Ze is dependent on a number of factors 
like surface volume of the solution, rate of stirring, freedom from dust, etc. However, 
experiments done under similar conditions must give similar data. The results are 
shown in Table I along with the data of previous workers for comparison, 


TABLE I 
Ts -Tc. Values of Ts - 7c. 
Potassium chloride. Ram Gopal. Srikntan, 


14.0 19.0 12.7 
149 19.6 13.3 
15.2 17.2 13.2 
14.9 20.4 13.3 
Average 148 19.1 13.1 


Barium chloride 


30 11.1 
40 11.9 
50 11.9 
Average 11.6 


Boric acid. 


30 8.7 6.4 

40 10.2 pe 

50 12.5 10.1 

70 14,1 12.8 

The high values of Ram Gopal are perhaps due to prolonged heating and the 
stabilising action of heat, inherent in his experimental procedure, since the solutions 
at Zs were heated regularly to 7s +10° and cooled at the rate of 1° for 5-10 minutes 
(loc. cit.). 

From the above it could be concluded that the supersolubility limit 7s - Zc 
follows the solubility curve for each substance and shows different values at different 
temperatures if the substance has variable temperature coefficient of solubility. 


CHEMICAL LABORATORY, ; Received November 17, 1951. 
Victoria CoLLEGeE, PALGHAT. 
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PHOTOCHEMICAL STUDIES ON URANYL SALTS. PART I. THE 
PHOTOCHEMICAL OXIDATION OF ETHYL ALCOHOL, LACTIC 
ACID AND MANDELIC ACID BY URANYL NITRATE IN 
LIGHT OF DIFFERENT FREQUENCIES 


By S. K. BHATTACHARYYA AND (Miss) SHARDA GULVADY 


The kinetics of the oxidation of ethyl alcohol, lactic acid and mandelic acid by uranyl nitrate in 
light of frequencies 366, 406 and 436 uu have been studied. Ethyl alcohol and lactic acid on oxidation 
yield acetaldehyde, and mandelic acid yields benzaldehyde. ‘The reactions have been found to have 
almost similar characteristics. They are zero-molecular with respect to the aldehyde formed. The 
velocity constant increases with increase in the concentration of urany] salt, but the quantum efficiency 
remains practically constant at a particular wave-length. The velocity constant increases with increase 
in the concentration of the reductant, and 1/ Ax/ AT, plotted against 1/[reductant], gives a straight line. 
The velocity constant is directly proportional to the intensity of absorbed radiation and is independent 
of pa. The quantum efficiency is more than unity in all cases, except for the oxidation of lactic acid 
and mandelic acid in the blue light (436 uu) where it is unity. The high quantum efficiency suggests 
a mechanism involving some kind of chain reactions. 


Photochemical reactions involving uranyl salts may, broadly, be classified into 
two categories: ‘i) those in which the uranyl] salts actually take part in the reactions 
as oxidants and are themselves reduced from the hexavalent to the quadrivalent state ; 
and (ii) those in which the uranyl salts act as sensitisers either in the decomposition 
or in the oxidation of various organic and inorganic compounds. 

Although a fairly extensive literature exists on both the categories of reactions, most 
of the works are of extremely qualitative in nature and are not important from theoretical 
considerations. ‘This is particularly true of reactions under the former category. 

Bucholz (Ann. chim. phys., 1805, i, 56. 142) was the first to observe that uranyl 
nitrate and sulphate could be reduced by alcohol on exposure to sunlight. This ob- 
servation was later on confirmed by a number of workers like Ebelman (J. prakt. Chem., 
1842, 27, 412, 416; Ann. Physik, 1342, 48, 2094), Becquerel (La Lumiére, 
1868), Chastaing (Ann. chim. phys., 1877, v, 11, 145), Oechsner de Coninck (Compt. 
rend., 1900, 181, 1303) and Benrath (Z. Wiss. Phot., 1917, 16, 253) who demonstrated 
that UO(NO,), and UO,SO, on reduction with alcohol formed U(NO,), and U(SO,), 
respectively. But none of the workers made any systematic kinetic measurements on 
this reaction. 

The photochemical decomposition of lactic acid and lactates in presence of uranyl 
sulphate has been studied by a few workers, notably, by Bolin (Z. physikal. Chem., 
1914, 87, 490) and Miller (Biochem. Z., 1926, 178, 77). Bolin found the reaction to be 
unimolecular with respect to uranyl] salt and that the quantum efficiency in blue light 
was unity. He represented the reaction by the equation, 


O 
CH,CH‘OH)CO," + UO,** + 3H" = CHICE + ),+2H.O+ Uttt? 
H 
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Miller found that in the presence of uranyl] sulphate lactic acid and sodium lactate 
could be photochemically converted into acetaldehyde with a quantum yield of approxi- 
mately unity in wave-length of 4o25A. 

Regarding the photochemical behaviour of other reducing compounds references 
may be made to the work done on sodium hypophosphite by Dienert and Villemaine 
(Compt. rend., 1934, 199, 1113) ; on formic.acid by Schiller (Z. physikal: Chem., 1912, 
80, 641), Hatt (ibid., 1918, 92, 513) and Ouellet (Helv. Chim. Acta, 1931, 24, 936) ; 
on tartaric acid and citric acid by Euler (Ber., 1914, 37, 3411) and on oxalic acid by 
numerous workers, particularly, by Seekamp (Annalen, 1862, 122, 115 ; 1865, 138, 253; 
1893, 278, 373), Fay (Amer. Chem. J., 1896, 18, 269; 18099, 29, 400; Z. physikal. 
Chem., 1806, 21, 316), Baur (Helv. Chim. Acta, 1918, 11, 186), Pierce (J. Amer. Chem, 
Soc., 1929, 51, 2731) and recently by McBrady and Livingstone (J. Phys. Chem., 1946, 
50, 176). In all these cases, the decomposition of the organic compounds has been 
found to be attended with simultaneous reduction of the uranyl salts. 

Surprisingly, however, no work has been reported yet on the photochemical de- 
composition of mandelic acid in presence of urany] salts. 

It was therefore considered desirable to make systematic and quantitative studies 
on the photochemical behaviour of a number of organic reducing compounds in 
presence of uranyl nitrate or sulphate. 

In this part, results of our investigations on the kinetics of photochemical oxida- 
tion of ethyl alcohol, lactic acid and mandelic acid by uranyl nitrate in light of fre- 
quencies 366, 406 and 436mm have been described. In the subsequent parts (parts 
Il to IV) we shall describe the results of our investigations on the kinetics of photosen- 
sitised oxidation of ethyl alcohol and mandclic acid by potassium indigo-tetrasulphonate 
and Meldola’s blue in presence of uranyl] nitrate or sulphate as a sensitiser in light of 
frequencies 366, 406 and 436 mz. 

In this investigation it has been established by actual experiments that the photo- 
chemical reaction involving uranyl nitrate and any of the reductants used is a purely 
reduction and oxidation process and takes place according to the following stoichiome- 


tric equations: 


(a) CH,CH,OH + UO,** —> CH,CHO+H,0+U0O** 
(b) CH;CH (OH) COOH + UU,** — CH,CHO+CO, + H,0 + U0** 
(c) C.H,;CH (OH) COOH + UO,** —> C,H;CHO + CO, + H,0 + UO** 


EXPERIMENTAL 


The experimental arrangement was the same as described by Ghosh and Bhatta- 
charyya (Proc. Nat. Inst. Sci., India, 1947, 18, 73) with the only alteration that 
in place of the corex cell a rectangular cell (1.8 cm 1.8 cm. X0.5 cm. thick) made of 
quartz plates fused into one another with a stopper at the top was used throughout 
this investigation. 

Reagents.—Kahlbaum’s extrapure uranyl nitrate, lactic acid, mandelic acid, sodium 
bisulphite, and iodine were used. Kahlbaum’s absolute alcohol was used after further 
distillation over metallic calcium. Redistilled water was used to prepare the solutions, 
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Course of Reaction.—Iin order to establish the course of the photochemical reaction 
involving the reducing agent like alcohol, lactic acid or mandelic acid and uranyl 
nitrate, a large number of experiments were conducted using mixtures of different 
concentations of uranyl nitrate and a large excess of the reductant. These mixtures were 
exposed to sunlight and the amounts of aldehyde formed were estimated in each case 
by the standard ‘‘sodium bisulphite’’ method at regular intervals of time till constant 
values were obtained. The results are summarised in Table I in which concentrations 
are in mols. per litre. 


TABuE I 


A. Reductant=ethyl alcohol=o.2M. B Reductant=lactic acid=0.2M, C. Reductant =mandelic acid=o.2M. 


Mixture Conc. of uranyl Final conc. Conc. of uranyl Final conc Conc. of uranyl Final conc. 
No. nitrate. of aldehyde nitrate. of aldehyde nitrate. of aldehyde 
formed. formed. formed. 
I 0.010 0.0096 0.010 0.0097 0.005 0.0049 
2 0.008 0.0078 0.005 0.0049 0.004 0.0040 
3 0.006 0.0059 0 004 0.0040 0.003 0.0029 
4 0.004 0.0039 0.003 0 0030 0.002 0.0020 
5 0.002 0.002 0.002 0.00198 


The results recorded in the above table clearly show that the photochemical 
reactions between urany! nitrate and the above reducing agents are purely reduction 
processes and cau be quantitatively expressed by the equations already described 
(vide supra). 

Determination of the Velocity of Reaction.—The velocity of reaction was deter- 
mined by taking out 0.59 c.c. of the reaction mixture in a micro-pipette in an atmos- 
phere of pure and dry nitrogen at definite intervals and estimating the amount of al- 
dehyde formed by the standard ‘“‘bisulphite method’. Before exposure to light, 
the reaction mixture was freed from dissolved air by bubbling pure and dry nitrogen 
through it for 5 minutes. The cell containing the reaction mixture was made 
absolutely air-tight by covering the stopper with molten paraffin wax in order to avoid 
any oxidation of the uranous salt or the aldehyde formed. No dark reaction was 
observed even in a period of 24 hours. 

Estimation of Aldehyde.—The exposed mixture (0.59 c.c.) was taken out from the 
reaction cell and shaken with 10 c.c. of a standard sodium bisulphite solution in a glass 
stoppered conical flask in an atmosphere of nitrogen for 5 minutes. Excess of sodium 
bisulphite, left behind after reaction with aldehyde, was estimated by titrating it with a 
standard iodine solution. 

Determination of pz.—The px of the reaction mixture was determined potentiometri- 
cally by using a glass electrode. 

Measurement of Intensity.—The intensity of incident radiation was measured by 
means of a Weston’s photronic cell and a sensitive galvanometer. The photronic cell 
was calibrated by means of a standard lamp (12 volt, 4.0 watt), standardised by 
means of a Moll thermopile and a Hefner lamp. The intensity of incident radiation was 
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measured by noting the deflection when the light passed through the cell filled with 
water. 
The amount of light absorbed by the uranyl salt was calculated by using the 


formula, 
Tate — Io (r—e7*o-4 ) 


where I,=intensity of incident radiation, ¢ = molecular extinction coefficient of 
uranyl salt, d = thickness of the reaction cell incm., and c = concentration of uranyl 
nitrate in g. mols./litre. 

The molecular extinction coefficients of uranyl nitrate in different wave-lengths were 
determined experimentally by intensity measurements. The values of these coefficients 
were found to increase considerably in presence of lactic acid or mandelic acid, but 
remained the same in presence of alcohol. Ghosh and Mitter (this Journal, 1927, 4, 353) 
have also made similar observations and given spectroscopic evidence for the formation 
of intermediate complexes of uranyl salts and organic acids. 


The extinction coefficients were determined in the following way. The deflections 
in the galvanometer were noted, first of all, with water and secondly, with uranyl nitrate 
of known concentrations either alone or containing a large excess of lactic acid or 
mandelic acid and having the ratio [lactic or mandelic acid]/[uranyl nitrate] constant. 
The molecular extinction coefficients of uranyl nitrate were then calculated according to 


the equation, 


I Io 

¢ = — log e= 

F ae 

where I:=intensity of transmitted radiation and ¢, c, d and I, have their usual 


significance. ‘The values of € are recorded in Table II. 


TABLE IT 
Wave-length. « (in presence or e (in presence of e (in presence of 
(a) absence of excess lactic excess man- 
alcohol). acid). delic acid). 
366 me 6.9 85 12.2 
406 7:7 Q.1 13.8 
436 8.2 10.5 15.0 


The reaction was studied at 25°. The experimental data are recorded in Tables 
Ill to IX. ‘The reaction was found to be zero-molecular with respect to the aldehyde 
formed. In the following tables, 

Ax . 
— = zero-molecular velocity constant 


At 
=No. of gram moiecules of aldehyde formed per c.c. per sec. 
In the tables, T=temperature, A=wave-length, IJa».=No. of quanta absorbed by 


the uranyl salt per c.c. per sec., y=quantum efficiency and a and b are the concentrations 
of uranyl salt and reductant respectively, in g. mols. /litre. 





we 
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Determination of the Order of Reaction 
TaBLe III 
Reductant = Ethyl! alcohol. 


a=30.0 x 10M. b=0.2M. Sodium bisulphite soln. = 3.05 x to~*M. 
I, soln.=1.89 x 107°M. Temp.=25°. pu=2.6. A=366mpm. Tav.=6.8 x 10"°. 


Time. Bisulphite soln. I; soln. * Aldehyde AX x yoll, 
added. required. formed at 
(i) o sec. 10.0 Cc. 16.16 c.c. 0 
33.8 from (i) and (ii). 
(ii) goo = 15.21 3-04 
33-4 from (ii) and (iii) 
(iii) 1800 = 14.27 6 05 
33-6 from (iii) and (iv). 
(iv) 2700 - 13.33 9.07 


Mean = 33 6 
TABLE IV 
Reductant = Lactic acid. 


a=20.0107°M. Iabs=1£5.0X10'*. Other factors are same as in Table iI. 


Time. Bisulphite soln. I, soln. * Aldehyde AX x 1010. 
added, required. formed. At 
(i) o sec. 10.0 ¢.¢. 16.16 ¢.c. oO 
15.0 from (i) and (ii) 
(ii) 900 15.74 1.35 
; 14.9 from (ii) and (iii; 
(iii) 180¢ a 15.32 2.69 
14.6 from (iii) and (iv) 
(iv) 2700 i 14.91 4.00 
Mean = 14.8. 
TABLE V 


Reductant = Mandelic acid. 


a=20.0x10°°M. Iss =21.3%10'*. Other factors are same as in Table III. 


Time. Bisulphite soln. I, soln. * Aldehyde Ax 10 
added. required formed. So 
(i) o sec. 10.0 ¢.c 16.16 ¢.c. ° 
‘ 20.2 from (i) and (ii) 
(ii) 900 » 15.59 1.82 
20.3 frum (ii) and (iii) 
(iii) 1800 . 15.02 3-65 
20.3 from (iii) and (iv) 
(iv) 2700 ; 14 45 5 48 


Mean 20.3 
«Expressed as per c.c. of the reaction mixtue in mols. x 10° (Tables III-V). 


From the above tables it can be seen that the reaction is zero-molecular with respect 
to the aldehyde formed. 
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TABLE Vi 


Effect of varying the concentration of uranyl nitrate. 


T=25°. pa=2.6. 


Reductant = Ethyl alcohol (b=0.2M). 


2 > } 2 % ° % 

% x sr % x > . se 

x Re 3 Ry 0 x Rls 

x 2 x 2 ia 

3 ~ <4 Y- S S sie Y: 3 3 did Y- 

A=366un. A=406pm A=436 mu. 
40.0M. 8.8 43-3 29.8 40.0 3.1 9.5 18.6 40.0 104.2 53.0 3.1 
30.0 6.8 33-6 30.0 20.0 1.6 5-3 20.0 20 0 54.1 30.0 3.4 
10.0 2.3 II.0- 29.0 10.0 0.84 3.0 21.6 10.0 27.4 160 3-5 
5.0 1.2 6.0 30.3 5.0 0.43 415 21.1 5.0 13.7 8.2 3.6 
2.0 6.9 4.1 3.6 
Reductant = Lactic acid (b=0 2 M) 
A=366 wh. A=406 mu. A=436 mm. 
40.0 29.1 30.0 6.2 40.0 7.2 4.7 39 4.0 260.4 50.0 1.2 
20.0 15.0 14.8 5-9 20.0 3.8 2.7 3 20.0 137.1 250 1.1 
10.0 7.6 7.5 5.9 10.0 2.0 1.5 5 10.0 69 9 13.0 1.1 
4.0 3.2 3.1 5.8 4.0 28.8 5-5 1.1 
Reductant = Mandelic acid (b=0.2 M) 
A= 366 mm. A= 406 mu A=436 mm 
40.0 40.6 38.0 5.6 40.0 10.4 42 24 40.0 354-9 57.0 1.0 
20.0 21.3 20.3  §-7 20.0 §6 23 2.4 20.0 19015 300 10 
10.0 11.0 10-5 5-7 15.0 4.4 2.0 2.7 10.0 99.6 15.7 r0 
4.0 4.5 43 5-7 4.0 39 8 6.3 1.0 
TABLE VII 
Effect of varying the concentration of reductant. 
T=25°. pu=2.6. 
Ax soll b 4% | 10!0 h ax 0M 

b. at - 20°". % ° Al . r0°", Fe , Al 10". Y 


Reductant = Ethy] alcohol. 


A=366upm; Tabs 1073 =12.5; A=406un; Tabs. x 10°3=7.3; 


A=436un; Tabs. 10°3=108.2; 





a.103=20.0M. a.103=20.0M. a.103=20.0M. 
17.4*x 103M 23.0 11.1 17.4%10°3M 11.5 9-5 17.4x10°3M 35.0 2.0 
34.8 37-0 17.9 34.8 17.0 14.1 34.8 50.0 2.8 
52.2 43.0 208 69.6 23-0 19.1 52.2 570 3-2 
69.6 50.0 24.2 69.6 60.0 3-4 
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TABLE VII (contd.) 





Reductant = Lactic acid. 
Ax Ax Ax 
b, . 10°, i b. ——. 30°, , b. ——. 10%, . 
riage , At , At ’ 
A=366umu; a. 1095=20M; A=4o6up; a 103=30M ; A=436mup; @.103= 20M ; 
Tabs, 1073 = 15.0 Tabs. 10° 3=5.5 Tabs, 107'3= 137.1 
06M 25.0 10.1 0.4M 5-3 6.0 0.6M 42.0 1.8 
04 22 5 9.0 0.3 4.7 5.1 0.4 330 1.4 
0.3 20.0 8.0 02 3-9 4-3 6.3 29.0 1.2 
02 15.0 6.0 0.2 25.0 11 
Reductant = Mandelic acid. 
A=366uu; a 103=20M ; A=406mu4; 4.103=20M A=436um; a.10°=20M ; 
Tabs. 19° 38=21.3 Tabs, 1073 =5.6 labs. 1073 = 190.5 
0.6M 40.9 113 04M 3-0 3-2 06M 50.0 15 
0.4 30.0 8.5 0.3 27 2.9 0.4 40.0 1.3 
0.3 25.0 7.1 0.2 2.3 24 0.3 350 1.1 
0.2 20.3 5-7 0.2 30.0 1.0 
TasBLe VIII 
Effect of varying the intensity. 
T=25°. pu=2.6. 
1.b3, 10733, a . 1010, ¥- Tabs. 10713 a . 10%, Y- Tabs, 10733, a . 10!?, ¥. 
Reductant = Ethy! alcohol (b x 103=17.4M). 
A=366umu; a. 103=20M. A=406uu; a. 10°=20M. A=436uu; a.10°=20M. 
32.5 23-0 1.1 3.2 5.0 9-5 108.2 35.0 2.0 
6.2 129 11.7 1.6 2.5 9-5 54.1 183. 2.9 
Reductant =Lactic acid (b=0.2 M). 
A=366un ; a 103=20M. A=406um a.10°=30M, * A=436mumu ; 2.103=20M 
15 0 15.0 61 5-5 3-9 4-3 137-1 25.0 1.1 
7-5 77 6.2 2.8 2.0 43 68.6 12.5 II 
Reductant = Mandelic acid (b=0.2M). 
A= 366 mu ; a.103=20M A=406mp ; @.103=30M. A=436mm ; a.10°=20M 
) 
8 21.3 20.3 57 8.1 3-3 2.4 190.5 30.0 1.0 
2 10.7 j0.0 5-7 4.0 1.7 2.5 95-3 15.0 1.0 
4 
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TABLE IX 
Effect of varying pu. 


Temp. =25°. 


A* .10 AX 010 
Pu. Al .10!9, Y pu. ait? ; 7- pu. Al. 


Reductant = Ethyl alcohol (b xX 103=17.4 M). 


A=366um ; a.103=20M ; A=406mu ;a.10°=20M ; A=436um ;a.103=20M ; 

Tabs, 10° 8=12.5 Tabs. 107 13= 3.2 Tabs, 1073 = 108.2. 
2.60 23.0 11.1 2.60 5.0 9-5 2.60 35-0 2.0 
1.77 23.0 11.1 1.77 5.0 9-5 1.77 35 0 2.0 

Reductant=Lactic acid (b=0.2M) 
A=366un ;a.10°=20M ; A=406uu ; a. 10°=30M ; A=436um ; a.103=20M ; 
labs. 10°83 =15.0 Tabs. 10° 8=5.5. Tabs. 10°3= 137.1 

2.60 15.0 6.1 2.60 3.9 4.3 2.60 25.0 1.1 
1.77 15.0 6.1 1.77 40 4:4 1.77 250 I.1 


Reductant = Mandelic acid (b=0.2M) 


A=365uu ;a.10°=20M ; A=406uu ; 0.103=20M ; A=436 mm 3 a.10°=20M :; 
labs. 1078 =21 3. Tabs. 10° '3=5.6 labs. 10713= 190.5 
2.60 20.0 5-6 2.60 2.3 2.4 2.60 30.0 1.0 
1.77 20 0 5-6 1.77 2.3 2.4 1.77 30 0 10 


DISCUSSION 


The reactions have got the following common characteristics : 

The reactions can be expressed by the stoichiometric equations mentioned earlier. 
They are zero-molecular with respect to the aldehyde formed. 

3. There is no induction period. 


4. There is no dark reaction. 
5. The velocity constant increases with increase in the concentration of urany] salt, 
but the quantum efficiency remains practically constant for a particular wave-length, 
which increases with increase in the quanta absorbed. 

6. The velocity constant increases with increase in the concentration of the re- 
ductant. In fact, the reciprocal of the velocity constant, plotted against the reciprocal 


of the concentration of the reductant, gives a straight line (Figs, 1 to 3). 
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7. The velocity constant is directly proportional to the intensity of radiation 
absorbed by urany] salt. 


8. The velocity constant is independent of pu of the reaction mixture. 


9. The quantum efficiency is more than unity in all cases, except for the oxidation 
of lactic acid and mandelic acid in the blue light (436 mu) where it 
is unity. Previous workers also reported a quantum efficiency of unity for the oxidation 
of lactic acid in the blue light. Quantum efficiency in other wave-lengths has not 
been reported so far. The high quantum efficiency suggests a mechanism involving 
2—1801P.—9. 
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some kind of chain reactions. An attempt will be made in Part IV to postulate a sui- 
table mechanism to explain all the observed facts. 


The authors wish to express their sincere thanks to Sir J. C. Ghosh, Kt., D.Sc., 
F.N.I., for his kind interest in this work. 
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PHOTOCHEMICAL STUDIES ON URANYL SALTS. PART II. THE PHOTO- 
CHEMICAL OXIDATION OF ETHYL AILCOHOL AND MANDELIC ACID 
BY POTASSIUM INDIGO-TETRASULPHONATE USING URANYL 
NITRATE AND SULPHATE AS PHOTOSENSITISERS IN 
LIGHT OF DIFFERENT FREQUENCIES 


By S. K. BHATTACHARYYA AND (Miss) SHARDA GULVADY 


The kinetics of the oxidation of ethy! alcohol and mandelic acid by potassium indigo-tetrasulphonate 
using uranyl nitrate and sulphate as sensitisers in light of frequencies 366, 406 and 436 uu have been 
investigated. The results have shown that these reactions have almost similar characteristics. They 
are zero-molecular with respect to the indigo. The velocity constant increases with increase in the con- 
centration of uranyl salt, but the quantum efficiency remains almost constant if the concentration of the 
uranyl sait is fairly low. ‘The velocity constant increases with increasing concentratiou of the reductant, 
and 1/4x/At, plotted against 1/[reductantj, gives a straight line. The velocity constant is directly propor- 
tional to the intensity of radiation absorbed by the uranyl! salt and is independent of pa. The quantum 
efficiency is much less than unity. 


Though a fairly extensive literature exists on photochemical reactions involving 
essentially the oxidation of organic compounds (usually hydroxy-acids, alcohols and 
dicarboxylic acids) by urany] salts, the latter being thus reduced from hexavalent to the 
quadrivalent state, comparatively very few papers have been published on reactions in 
which uranyl salts act as true photosensitisers. The most outstanding contributions 
in this field are those of Ghosh and his collaborators who studied the oxidation of some 
organic compounds like mandelic acid, monochloroacetic acid and succinic acid by methy- 
lene blue, potassium permanganate or bromine using uranyl sulphate or nitrate as the 
photosensitiser (Ghosh, Narayanmurthi and Ray, Z. physikal. Chem., 1935, B29, 236; 
Ghosh and Ray, this Journal, 1936, 18, 1; Z. physikal. Chem., 1938, B32, 160; Ghosh, 
Banerjee and Bhatta, ibid., 1938, B32, 163). 

The object of undertaking this problem and the problem to be discussed in Part III 
was to. throw more light on the nature of uranyl sensitised reactions and to postulate 
some mechanism, if possible, which might be able to explain all the observed facts 
presented in the three parts of this series. 

In the present paper are given the results of investigations on the oxidation of ethyl 
alcohol and mandelic acid by potassium indigo-tetrasulphonate using uranyl nitrate and 
sulphate as photosensitisers in light of frequencies 366, 406 and 436 mp. 


ExPERIMENTAL 


The experimental arrangement was the same as described in Part I (this issue, 
p. 649) except that in place of the rectangular quartz cell a circular corex glass cell, 
1 em. thick and 2.5 c.c. in capacity and provided with a stopper, was used. 

Kahlbaum’s extrapure uranyl nitrate, uranyl sulphate, mandelic acid and 
potassium indigo-tetrasulphonate of B. D. H. were used. Absolute alcohol, purified as in 
Part I, was used. Redistilled water was used in preparing solutions. 
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Determination of the Velocity of Reaction.—Spectrophotometric method was adopted 
for the estimation of potassium indigo-tetrasulphonate during the course of the reaction. 
For this purpose the “‘Spectrophotometer Assembly’’ supplied by the Gaertner and Co., 
was used and calibrated as follows. 

Spectrophotometer readings (0) were taken in the green region of the spectrum (A= 
546 “u) with the corex cell filled with mixtures of different concentrations of 
indigo and a particuiar concentration of uranyl nitrate or sulphate (when alcohol was 
used as the reductant) or particular concentrations of both uranyl nitrate and mandelic 
acid (when mandelic acid was used as the reductant), the blank corex cell being filled 
with water. ‘Though at 546 mu the leuco- dye has got no absorption, the uranyl] salt has 
slight absorption, its extinction coefficient being found to depend on the nature of the 
reductant used. The extinction coefficient was found to remain the same when alcohol 
was added to it but it increased by the addition of mandelic acid. Hence, the calibration 
was done in the latter case by taking spectrophotometer readings in presence of both 
uranyl nitrate and mandelic acid. Calibration curve was obtained by plotting log tan @ 
against the concentration of indigo at any particular concentration of the uranyl salt, 
the reading (6’) with water in both the cells being always 45°. 
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Similarly, for every concentration of the urany! salt Studied, a separate curve was 
obtained. Two representative curves are shown in Fig. 1 and the corresponding data 
are recorded in Table I. 
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TABLE I 


Reductant= Ethyl alcohol. 6 =45°. 


Conc. of indigo. 6. Log tan @, Conc. of indigo. 6. Log tan 8. 
Conc. of uranyl nitrate=0.1 M. Conc. of urany! sulphate =0,02M. 
5.10 X10°°M. 58°.4 0.2110 7.15 X10°5M. 55°.5 0.1629 
7.15 64°.9 0.3294 14.30 62°.0 © 2743 
10 73 73°.0 0.5147 21.45 70°.2 0.4437 
14.30 78°.2 0.6800 28 60 74°.1 0.5454 
42.90 ge 0.8255 


The cell containing the reaction mixture was made absolutely air-tight by covering 
the stopper with paraffin wax in order to prevent the leuco-indigo from being oxidised 
by air. The various reactions investigated had induction periods which were eliminated 
mostly by passing pure and dry N, gas through the reaction mixture just after mixing 
the ingredients and partly by exposing the reaction mixture to the whole light of the 
mercury arc for about 2 minutes. 


Preliminary experiments showed that potassium indigo-tetrasulphonate was not 
reduced when exposed to light of frequencies 366, 406 and 436 mp either alone or in 
presence of the reductant, alcohol or mandelic acid, or in presence of the uranyl] salt. 
No dark reaction was observed when the reaction mixture containing indigo, alcohol or 
mandelic acid and uranyl nitrate or sulphate was kept in the dark for more than 
24 hours. 


Determination of pu.—The pa of the reaction mixture was determined potentiome- 
trically using a glass electrode. 


Measurement of Intensity.—Both uranyl salt and potassium indigo-tetrasulphonate 
absorb light of frequencies 366, 406 and 436 uu, but as already stated, the light absorbed 
by indigo is not effective in bringing about the photochemical oxidation of 
either alcohol or mandelic acid. Obviously, therofore, the fraction of light which is 
absorbed by the uranyl salt in the exposed reaction mixture is the only effective one 
and is responsible for bringing the photochemical reaction under investigation. 


The amount of light absorbed by the uranyl salt contained in the exposed reaction 
mixture, I,»s, was calculated by using the following formula for mixtures, 


= e0)d — €9¢qd, €,C, 
" €,0, +E5C, 


Tabs =I],(1-e 
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where ¢, = molecular extinction coefficient of uranyl salt, 


molecular extinction coefficient of potassium indigo-tetrasulphonate, 


a 
ll 


¢, = conc. of urany] salt in g. mols./litre, 
C2 = conc. of potassium indigo-tetrasulphonate in g. mols./litre, 


thickness of the reaction cell in cm., and 


a 
II 


I, = intensity of incident radiation. 


The intensity of incident radiation was measured exactly in the same way as des- 
cribed in Part I (loc. cit.). 

The molecular extinction coefficients (¢,) of uranyl nitrate in absence or presence 
of the reductant, either alcohol or mandelle acid, were determined earlier in connection 
with the previous investigation and their values have aiready been recorded in Part l. 
The molecular extinction coefficients (¢,) of uranyl sulphate in absence or presence of 
alcohol and the coefficients (e,) of potassium indigo-tetrasulphonate were determined 
exactly in the same way as described in Part I. It was found that the values of « 
of urany] sulphate did not change with the addition of alcohol. In Table II are given 
these values of «, and e, for different wave-lengths (A). 


TABLE II 
A(uu) aa 366 406 436 
¢, (uranyl sulphate) ves 9-7 14.4 16.9 
€g (indigo) « 5987.0 3149.0 2454.0 


The reaction was studied at 25°. The experimental data are recorded in Tables III 


to XI All the reactions were found to be zero-molecular with respect to potassium 


indigo-tetrasulphonate. In the following tables: 
Ax/At = zero-molecular velocity constant = No. of g. mols. of indigo transformed 


per c.c. per sec., A = wave-length, J, = intensity of incident radiation in ergs/c.c./sec., 


T=temperature, Inn, = No. of quanta absorbed by uranyl nitrate or sulphate per c.c. 
per sec., a, b and A, the concentrations of indigo, the reductant, either alcohol or 


mandelic acid, and uranyl] salt respectively in g. mols./litre and y = quantum efficiency. 
TABLE III 
Determination of the order of reaction. 


A= 366 we. a=14x107°M. b=87.0x107°M. A (uranyl nitrate) =30.18x 10°°M. 
T,= 1844.0 Tabs = 3.9 X 10°”. T=25°. bu=2.6. 


No. Time (min.). ies Log tan @. Conc. of indigo ax ois 
at 
1 t+o 66°.0 0.3514 7.4 x10°5M. 
2 t+10 63°.2 0.2966 6.3 18.3 form 1 and 2. 
3 t+20 60°.3 0.2438 5-2 18.3 ,, 2 and 3. 
4 t+35 55°.4 0.1612 3-5 18.9 ,, 3 and 4. 


Mean 18.5. 
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50M). 


0.020 
0.054 
0.070 
0.097 


0.006 
0.014 
0.020 
Q.020 


0.017 
0.013 
0.015 
0.017 


0.070 
0.054 
0.046 
0.008 
0.007 


TaBLe IV 
Effect of varying the concentration of uranyl salt. 
Photosensitiser = urany! nitrate 
a=14.3*107° M. pa=2.6. T=25°. 
A « 2 = " = 
(um). iS) ° yi ¥. <3 © 3 © 
. A -_ ~ 
2 . = a 
s 7 2 > 4 a 4d 
~ g d ww 
Reductant=ethy! alcohol (b.10?=87.0 M) Reductant = mandelic acid (b.10?= 
366 100.60 M 13.0 253 0.12 366 301.80 26.0 8.5 
os 30.18 4.7 18.5 0.24 = 100.60 16.8 15.0 
4 20.12 3.2 15.8 0.30 o 50.30 10.5 122 
‘- 10.06 1.7 9.0 0.32 ae 20.12 48 7.7 
436 100.60 158.3 37-5 0.014 436 301.80 274.9 25.0 
- 50 30 94.1 23.8 0 O15 - 50.30 136.2 31.0 
- 20.12 42.0 10.3 0.015 - 20.12 66.2 22.0 
- 10.06 218 5.3 0.015 ” 10.06 35 3 12.5 
TABLE V 
Photosensitiser= uranyl sulphate. Reductant=ethyl alcohol. 
a=14.3 107° M. b=87.0x 10° M. pa=2.6. T=25°. 
2 'o eo” : 2 s % ° | 
- = = “ a © - yt > 
= 3 “> = 3 “> = Z - 
= ere : - be D e bY Fiat 
A= 366 uu. A= 406 mm A=436 mu. 
60.0M 12.8 18.3. 023 400M 35 3:3 0.057 60.0M 187.5 54.3 
40.0 0.2 30.3 0.20 20.0 2.0 2.0 0.06 40.0 143.2 32.5 
200 50 16.7 0.20 20.0 828 20.3 
10.0 2.6 11.2 0.26 10.0 44.7 13-2 
TABLE VI 
Effect of varying the concentration of potassium indigo-tetrasulphonate. 
Photosensitiser= uranyl ritrate. A=100.6x10-° M. pa=2.6. T=25°. 
A (mp). ° + = Ke oe = 
~ A < Y- A (us). 3 ~ “ 
: a= s ~ 
4 qa 3 5 4 
Reductant = EtOH ; b.10?=87.0 M. Reductant = mandelic acid ; b 10?=5.0 M. 
366 14.30 M 13.0 25.3 0.12 366 28.60M 12.9 15.0 
- 7.15 15-3 25.3 c.10 ” 14.30 16.8 15.0 
Pa 3.58 16.7 25-3 0.09 - 7.15 19.6 15.0 
436 14.30 158.3 37-5 0.014 436 28.60 181.8 25.0 
oF 715 170.1 38.0 0.013 Ws 14.30 204.4 25.0 
3-58 176.5 37:7 0.013 % 7-15 217.6 25.0 








0.007 
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TasLe VII 


Photosensitiser= uranyl sulphate. Reductant=ethy] alcohol. 


b=87.0x 107" M. A=20.0X 107M. pa=2.6. T=25°. 


, tien asl {: ¢.. 
he, Gee ee tee ee ee ee ee aes 
2 gis 7 4 ais 4 ais 
= gid “ q|< 7. — 
A=366 mm. A=406 mu. A=436 we 
28.6M 3.6 16.7 0.28 28.60M_ ‘1.6 2.0 0.076 28.60M 71.2 20.3 0.020 
14.30 5.0 16.7 0.20 14.30 2.0 2.0 0.06 14.30 82.8 20.3 0.015 
7.15 6.0 16.8 0.17 7-15 2.2 2.0 0.055 7.15 89.6 20.3 0.013 


Tas.e VIII 


Effect of varying the concentration of the reductant. 
Photosensitiser = uranyl nitrate. a=14.3 x 10°°M. A=100.6x107°M. pa=2.6. T=25°. 





A (up). 


b.10?, 


b.107, 


1740M 
87.0 
43-5 


261.0 
1740 
87.0 
43-5 


Photosensitiser = uranyl] sulphate. 


Ax 1012, 


q 


Tabs. 10733, 


3/3 


Reductant = EtOH. 


13.0 
5s” 


”” 


158.3 


” 


28.3 
25-0 
20.5 


49-2 
43.8 
37-5 
27.0 


b. 10%. 


Tabs. 10713, 


Ax .r0,!2, 


iq 


Reductant = mandelic acid. 


Ys A (um). 
0.13 366 
0.12 “ 
0.09 a 
0.018 
0.016 436 
0.014 - 
0.010 7 

TABLE IX 


nw 
wm ¢ 


15.0 M 
10.0 


° 


15.0 
10.0 


5.0 


16.8 


” 


a=14.3x10°° M. A=20.0X107° M., pu=2.6. T=25°. 


A=366 mm; Tabs, 107'3=5.0. 


261.0 M 
87.0 
26.1 
130 
8.7 


16.7 
16.7 
15.8 
12.7 
11.0 


0.20 
0.20 
0.19 
0.16 

0.14 


b.107, 


A=406 wm; Tabs, 1073 =2.0. 


174.0 M 


87.0 
43-5 


2.8 


10!2, 


aie 
<I 


2.0 


1.3 


0.085 
0.060 
0.040 


b.102, 


Ax 


20.3 
18.0 
150 
11.3 


34-2 
30.3 
25.0 


Reductant=ethyl alcohol. 


. 
} 
m 


4 


0.070 
0.060 


0 054 
0.240 


0.010 
0.010 
0 007 


A=436 we; Tubs, 10-3 =82.8. 


87.0 M 
26.1 
13.0 
4:3 


20.3 
12.7 
8.5 


4.0 


0.015 
0.009 
0.006 
0.00 
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PHOTOCHEMICAL STUDIES ON URANYL SALTS 


TABLE X 


Effect of varying pu. 
a=14.310°M, T=25°. 


: wD mw 
COND AWAD 


~ Ne 


TABLE XI 


2 
s 


87.0 M 


” 

” 
” 
5:0 
” 
” 


” 


A.103, 


” 


1071", 


labs. 


100.6 M 13.0 


158 3 
as 


16.8 


204 4 


5.0 


2.0 


. 
82.8 


Effect of varying the intensity of absorbed radiation. 
a=14.310°°M. pa=2.6. T = 25°. 


i. 3 
% g 
= 3 A 
Hi 3 
b % 
UOg (NO»)g RtOH 366 
” * ” 
- 9 436 
” a” ” 
ms Mandelic acid 366 
” ” ey 
» 9 436 
Le ” 1) 
UO,SO, EtOH 366 
” ” * 
io " 406 
” ” ” 
3 a 436 
”” ” ” 
i ve 
: EB 
: 3 
4d 
a | 
% z 
UO, (NO2)9 EtOH 
= Mandelic acid 
” ” 
’” %, 
UO.SO, EtOH 
” id 
’ ” 
” %” 
%, ’ 


A. % 
x ~) 
366 wu 87.0 M 
435 ” 
366 5.0 
436 , 
366 870 
406 e 
436 - 
pie¢ 


U 


A,103, 


100.6 M 


” 


Ss 5s 


oS 


» 
ro) 


oo. wn 
& YN wu 


m0 5% 
nN 

=) 

on 


nN 


ION 


wun 
* no 


“I 


13 
10!2, 


Ax 
At 


abs. 107 


15 


“ 

° Nw 

N&O SD 
ON 
° 


37 5 
10.0 


Y-@ ao 
oObSaS 
» . - 
wr =A 
° ° 


° 
4 
a 

“J 


°) 
w 
“I 


‘The reactions have got the following common characteristics: 


(1) The reactions are zero-molecular 


phonate. 


3—1801P,—9. 


with 


respect 


to potassium indigo-tetrasul- 





o12 


0.12 
0.014 
0.016 


0.054 
0.050 
0.007 
0.007 


9.20 
0.22 
0.060 
0.060 
0.015 
0.015 


























666 S. K. BHATTACHARYYA AND 8. GULVADY 


(2) The reactions have small induction periods. 

(3) ‘The velocity constant increases with increase in the concentration of uranyl 
salt. The quantum efficiency, however, remaias practically constant when the initial 
concentration of the uranyl salt is not high. At higher concentrations, the quantum 
efficiency decreases with increase in the concentration of the urany] salt. 

(4) The velocity constant is independent of the concentration of potassium indigo- 
tetrasulphonate. 

(5) The velocity constant increases with increase in the concentration of the 
reductant. In fact, the reciprocal of the velocity constant plotted against the reciprocal 
of the concentration of the reductant gives a straight line. (Figs. 2 to 4). 


Fig. 3 
Mandelic acid. 





















rT 
s 
2 ae 
g 
. Fig. 4 
& 2 
ra EtOH. 
6 
g 
LY 
a 
oF 
oF 
x 
+ Xx 
: . 
8 s . 
cl 
of 
eb 
8 
w 
g 
a L 
{i $ 
s ~~ 
al ~J 
a t- 
a 66 
L 
N 
: 
9 
= rg 
7 
u 
436 P! 
a y= 366 YP 
ee 
Photosensitiser - uranyl nitrate 
Photosensitiser—~ uranyl sul pshate 
4 4 4 A. A. 2 1 4 4 " a 4 > 
0-004F 0-0/2 0-020 0-024 x/0 o 0-020 0-060 0-100 0/20 x10° 
Vb —» VYg— 
d 


(6) ‘The velocity constant is independent of pu of the reaction mixture. 

(7) The velocity constant is directly proportional to the intensity of radiation 
absorbed by the urany] salt. 

(8) ‘The quantum efficiency is much less than unity. 

An attempt will be made to postulate a suitable mechanism, later on, in Part LV 
to explain all the observed facts. 

The authors wish to express their sincere thanks to Sir J.C. Ghosh, Kt., DSc., 
F.N.1., for his keen interest in the work. 
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STUDIES ON ACID TUNGSTATE SOLUTIONS 
By H. K. Er-SHAMy 


The equilibrium conditions between low-molecular and highly aggregated WO; in acid solutions 
have been studied. It is found that the amount of low-molecular WO; in dilute acid solutions is not 
only governed by the fu of the solutions but also by their concentrations. 

The cathodic reduction of dilute acid solutions containing low-molecular tungstic acid does not 
lead to W® solutions but to tungsten blue, the composition of which is found to correspond to WsOy, 
Solutions in 11M-HCi lead on the other hand to W® when platinised platinum, and to W3, when blank 
platinum is used as the cathode. 

Owing to the difficulty of variating the acid or the metal ion concentration, it was not possible 
to determine the standard redox potential of the W°/W5 system. Instead, a formal potential at 11.06M- 
HC] at 30° +0.02 amounting to 0.3155 volt was obtained. 


Equilibrium Conditions between Low-molecular and Highly Aggregated 
Tungstic Acid in Solutions of Varying pu 





The electrolytic reduction of acid tungstate solutions and the determination of 
the redox potential of the W*/W° system necessitate the preparation of acid solutions 
containing low-molecular tungstic acid. As is well known, tungstic acid is thrown 
down from solutions of tungstates by the addition of mineral acids. Detailed descrip- 
tions of the process of precipitations were described by several authors the majority 
of whom showed that the process of separation was not a simple one involving 
merely the displacement of the weaker tungstic acid through the stronger mineral 
acid. Dumanski and Buntin ‘J Phys. Chem. Russia, 1926, 25, 101) concluded, for 
example, from conductivity measurements on sodium tungstate solutions to which 
hydrochloric acid was progressively added that a polyacid H,W,0O,; was first formed. 
Malaprad (Ann. Chim., 1928, 11, 159) arrived at the same conclusion from potentio- 
metric measurements. Jander and his co-workers (Z. anorg. Chem., 1933, 214, 154, 
275, ; 1929, 180, 129) from determinations of the molecular weights of tungstic acids 
formed on acidifying sodium tungstate solutions inferred that tungstic acid persisted 
in a low-molecular form: {WO,)* down to fa 6.5. From pa 4 to 1.5 it was transformed 
into a hexa-tungstate formulated as H,W,O,,, and below fxs 1.5 the solutions became 
unstable. Britton and German (J. Chem. Soc., 1930, 1249) found that whereas 


yn : , 
tungstic acid usually precipitated, when excess hydrochloric acid was added to con- 
centrated sodium tungstate solutions, it did not separate out when dilute solutions 

Vv were used. They inferred that the comparatively high concentration of hydrogen 


ions, set up in the solution immediately after the amount of added hydrochloric acid 
exceeded 1.5 mols. per mol. of sodium tungstate, was caused by the liberation of tungstic 
acid in an ionised form, which combined with the undecomposed sodium tungstate to 
form polytungstates. 

The work hitherto done did not throw sufficient light on the equilibrium condi- 
tions between the low-molecular and highly aggregated tungstic acid relative to the px of 
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the solutions, their concentrations and the type of acid added. A set of solutions 
under a variety of conditions were examined in a manner similar to that used for 
determining the amount of low-molecular and highly aggregated silica in sodium 
silicate solutions (Tourky, Z. anorg. Chem., 1939, 240, 195). Sodium tungstate 
solutions were potentiometrically titrated with either hydrochloric or perchloric acid 


using the quinhydrone electrode. From the titration curves the amount of acid 
could be computed which would bring definite volumes of sodium tungstate solutions 
to appropriate px values. ‘The solutions, the px values of which were checked, were 
always left for 24 hours before they were ultrafiltered through cellophane membranes 
using a high pressure apparatus. The time required for the ultrafiltration of about 
50 c.c. amounted in the average to about So minutes. 

Table I shows some representative results obtained fur mixtures containing hydro- 
chloric acid. ‘The column headings make the table self-explanatory. The results 
obtained with perchloric acid did not materially differ from those given in the table, 
indicating that the process of aggregation is independent of the acid added. The 
data show that after the addition of 1 mol. acid per mol. sodium tungstate, whereby 
the px of the solutions varies between 6.18 and 6.45 ‘depending on their concentrations), 
only few percents of tungstic acid separate out. When 1.5 mols. of acid are added 
{pu 3.35-2.03), Quantities varying between 9.55% and 23.1% separate out. When 
two mols. of acid are added, practically all tungstic acid separates out only in the more 
concentrated solutions, whereas in the more dilute ones, the quantities retained by the 
ultrafilter decrease with increasing dilution, indicating thus that the separation of 
highly aggregated tungstic acid is not only governed by the px of the solutions but also 
by their concentrations. They show further that the fx values resulting from the 
addition of a definite number of mols. of HC! per trol. sodium tungstate varies with dilu- 
tion, especially in solutions containing two mols. of acid per mol. tungstate (Pu 0.54-2.11). 
This should be taken into consideration when titrating tungstate solutions with HCl. 


TABLE I 

No. WO; in original Mols. of HC1I/mol. pu. WOs in the % Amount re- 

solution. tungstate ultrafiltrate. tained by the 

ultrafilter 

1A 138.955 g./litre I. 6.45 133 995 g./litre 3.57 
1B 117.045 1.5 2 03 go O10 23.1 
rC IOI.105 2 © 53 2.831 97-2 
2A 47-795 1.0 6.62 46 485 2.74 
2B 40.445 1.5 2-54 34 300 15.18 
2C 35 055 2.0 1.25 16 395 53.23 
3A 40.135 1.0 6.48 38.765 13-41 
3B 32.705 1.5 2.53 28.340 13-35 
3C 25.995 2.0 1.40 17 O15 34.02 
4A 10 870 1.0 6 19 10 310 5-17 
4B 9.000 1.5 2.88 7.990 11.25 
4C 7-675 2.0 2 02 5.885 23-3 
sA 5-910 1.0 6 18 5.600 5.22 
5B 4 985 1-5 3-35 4.509 9-55 
5C 4-315 3-349 ; 
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Cathodic Reduction of Acid Tungstate Solutions 


In trying to prepare solutions containing quinquevalent tungsten by electrolytic 
reduction, solutions were first chosen which contained higher concentrations of tungstic 
acid in a low-molecular form and which contained either 1.5 or 2 mols. of HCl per mol. 
tungstate. The solutions designated in Table I by 2B and 5C appeared to be the most 
suited. Blank as well as platinised platinum cathodes were employed at current densities 
varying between 1 and 32 milliamp./cm*® of the cathode, using essentially the same 
cell as described by Foerster and Frieke (Z. physikal. Chem., 1930, 146, 81, 73) for 
preparing quinquevalent molybdenum solutions. Samples were taken for analysis for 
both quinque- and sexa-valent tungsten, the first by titration against standard ceric 
sulphate solution, and the latter by gravimetric determination of the total amount of 
tungsten as WO, after oxidation with pure nitric acid. The results as summarised in 
Table II show that the reduction in all cases do not proceed compietely to the quinque- 
valent state owing to the formation of tungsten blue. The values for the empirical 
formula WOx of the reduced product as computed approach each other closely under 
different experimental conditions and yield the mean value of 228.0413 from which 
the formula of tungsten blue corresponds to W,O,, [x=(228.0413-184)/16=2.7526 x 4= 
11.0104]. The formation of tungsten blue may be ascribed to the lower acidity of 
solutions used. If a complexing acid for quinquevalert tungsten were present, the 
ion might have been masked and might have thus been kept from combining with un- 
reduced sexavalent tungsten ions. 


Oscar and Collenberg (Z. anorg. Chem., 1918, 102, 247) found that when alkali 
tungstate in oxalic acid solution containing a slight excess of alkali oxalate was reduced 
with tin foil, the colour passcd through dark blue and became green, yellowish green 
and finally deep red. Collenberg and Wilson (Z. Elektrochem., 1925, 31, 555) tried 
the electrolytic reduction of tungstic acid in the above mixture at a temperature not 
less then 70°. They stated that complete reduction of tungsten to the quinquevalent 
state took place at a lead or atin cathode. Silicotungstic acid was also reduced at a 
mercury cathode whereby the solution attained at once an ultramarine blue colour that 
became light green, then brown and lastly yellow-green. ‘Trivalent tungsten was found 
to be formed after ro hours of electrolysis. It is apparent, however, that neither of the 
above methods can be applied where pure uncontaminated solutions are required. 


If, on the other hand, concentrated hydrochloric acid were capable of forming com- 
plexes with quinquevalent tungsten in analogy to the quinquevalent molybdenum com- 
pounds, the acid could advantageously have been used for the process of reduction. 
Owing to inherent difficulties it was not possible to obtain an insight into the equilibrium 
conditions between low-moiecular and highly aggregated tungstic acid in such solutions. 


Collenberg and Guthe (Z. anorg. Chem., 1924, 134, 317) claimed to have been able 
to prepare clear solutions containing 3-4% WO- by dissolving 10 g. of WO,;.H,O in a 
concentrated solution of 7.5 g. of potassium carbonate and adding the solution the 
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volume of which was 15 c.c., in three portions to 260 c.c. of hot concentrated hydrochloric 
acid, waiting each time till the precipitated hydrate completely dissolved and then filtering 
off the potassium chloride through asbestos. Similarly, if 5 g. of Na,WO,.2H,O were ad- 
mixed with 0.5 to 0.8 g- of Na,COs; and dissolved in 10 c.c. of water and added to 130 c.c. 
of concentrated HCl, evolution of CO, produced a porous, easily soluble form of hydrate. 
They subjected such solutions to electrolytic reduction using cathodes of lead, mercury 
or platinum and an anode of carbon. With a platinum cathode the reduction to W” 
was found to be quantitative at the room temperature. With amalgamated lead as cathode 
and a current density of 0.064 amp./cm’ at 40°, reduction proceeded to W* with 68% 
yield. Collenbdrg and Backer (Z. Elektrochem., 1924, 30, 230) found that similar 
solutions were reduced quantitatively to the quinquevalent state at a platinum cathode 
and to the trivalent state at cathodes of mercury, lead and tin, when the temperature was 
not lower then 16°. Someya (Z. anorg. Chem., 1925, 145, 168) reduced tungstate 
solutions in concentrated HCI to the pentavalent state using a liquid amalgam of bismuth 
as a reducing agent. 

It was not possible to prepare clear acid tungstate solutions by Collenberg’s method 
nor was it desirable to use metallic reductants so as to avoid introducing other ingredients 
into the system. After several trials the following process was found to lead to repro- 
ducible results: To a solution containing about 0.3 g of sodium tungstate in about 1 c.c. 
water, 0-75 c.c. of concentrated hydrochloric acid were added in the cold while stirring. 
Such a solution remained clear for prolonged periods of time but would lead to precipi- 
tation when heated or when slightly diluted. In order to ascertain that tungstic acid 
in such a solution was present in a low-molecular form which could be readily reduced, 
portions of known tungstic acid content were titrated with accurately standardised 
CrCl, solutions in a manner similar to that used for titrating molybdate solutions (Tourky 
and El-Shamy, Analyst, 1943, 68, 40). Reduction was found to proceed quantitatively 

Fig. 1 and stop at the quingevalent stage (in contra- 
distinction from MO* solutions which could 
be reduced further to the trivalent state). ‘I'he 
titration curves as represented in Fig. 1 
were smooth and characterised by sharp in- 
fiections amounting to about 250 mv. By 
applying the same reagent to the more dilute 
solutions, such as those designated as 2B and 
5C in Table I, tungsten blue was immediately 
formed leading to a sudden drop after the first 
additions of the reagent. ‘The addition of com- 
plexing acids, such as oxalic or trataric acid or 
the use of silicotungstic acid, did not improve 
the results. ‘Titanous chloride could not be 
applied as a reductant for tungsten under any 
20 conditions. 

CrCl, (c.c ) 
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TaBie IT 


WO, in 0.1022 M-Ce (SO4)g 0 1022 M-Ce Corresp. Amout of Empirical for- 
25 ¢.c, necessary in case (SO¥4)9 used. amount of Og. reduced product. mula of re- 
of complete duced product 
reduction (W,Ox). 


1.0106 g. 42-62 C.c. 0 01725 g. 0.99335 g: 228.0391 
1.0106 42.62 0.01721 0.99339 228.044 
1.0106 42.62 0.01721 0.99339 228.049 


1.0106 42.62 0.01723 0.99337 228.0445 


1.0106 42. . 0.01725 0.99335 228 0341 
T,0106 . ‘ 0.01725 © 99335 228.0391 
0.9967 42. 0.01701 0.97969 228.0406 
1.9106 2.62 . 0.01727 0.96333 228.0353 
0.9967 02 f 0.01701 0.97969 228.0405 
0.1078 5: 2.25 0 00184 0.10596 228.0401 
0.1078 , : 0 00184 0.10596 228.0401 
0.1078 . 4 0,00184 0.10595 228.0401 


0.1078 , 25 0.00184 0.10596 228.0401 








{ } f 


So 160 200 320 400 460 








Time (min.). Time (min.). 
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By subjecting the tungstate solutions in concentrated hydrochloric acid to electro- 
lysis, the reduction was found to proceed smoothty without the formation of tungsten 
blue. The results are interesting in so far as they could show that at platinised platinum 
cathodes the reduction proceeds only to the quinquevalent state, whereas at blank pla- 
tinum cathodes the reduction goes further to the trivalent state, as indicated by the 
inflections in the potential-time curves shown in Figs.2 and 3 respectively, where 
the current density applied is rom. amp./cm? of the cathode and by the amount of 
ceric sulphate required for the back titration to the sexavalent state. The results are 
essentially the same and perfectly reproducible at current densities varying between 10 
and 20 milliamp./cm’. of the cathode. At higher current densities than about 30 milli- 
amps./cm?, deposition of insoluble grey films took place causing considerable polarisation 
and small current yields. In contradistinction from the turbid dark coloured solutions 
containing tungsten blue, quinquevalent tungsten solutions are clear, beautiful blue 
in colour. Th2 trivalent tungsten solutions are dark red. 

In connection with the above study reference may be made to the fact that by 
eletrolysing solutions containing sodium tungstate aud oxalic acid (10-16 g. in roo c.c. 
water) or solutions containing silicotungstic acid in concentrated HCl using blank 
platinum cathodes, smooth curves are obtained with only one inflection. However, the 
completeness of reduction under these conditions could not be confirmed by an accurate 
analytical method due to the presence of the complexing acids. 


Oxidation-reduction Potential of Hexa- and Quinque-valent Tungsten Ions 


In determining the redox potential of the system W°/W’* only one single high acidity 
(rxM) could be used since in other acid solutions tungstic acid either precipitates down or 
the formation of tungsten blue is favoured rendering impossible obtaining solutions of 
pure quinquevalent tungsten. The value obtained here has therefore to be considered 
as formal redox potential pertaining only to a definite acidity. It is assumed that in 
analogy with molydenum ions in the more acid solutions the sexa- and quinque-valent 
tungsten ions interacting in solution have the composition WO,"' and WO*** respectively. 
This may be justified in the light of previous work by Collenberg and Guthe (loc. cit.) 
according to which if quinoline hydrochoride in concentrated iICl is added to alkali 
tungstate in the same concentrated acid, (quinoline H} WO,CI, precipitated out nearly 
quantitatively and that by adding the reduced solution to a large excess of the same 
reagent, bright green (C,H;NH), WOCI, is obtained which is of analogous composition 
to other known salts. The cationic forms as shown above may therefore be present in 
equilibrium with the anionic forms corresponding to the formulae of these salts. We 
were, however, unable owing to the difficulty of variating the concentrations within 
wider limits of either acid, sexa- or quinque-valent tuagsten ions, to confirm any of the 
formulae by electrical measurements. 

Series of cells were set up containing mixtures of sexa- and quinque-valent 
tungsten ions in 11M-HCl in which the percentage of each form varied from ro to yo. 
The E, value at this activity was determined from cells containing equal ratios of both 
ionic species and was used for evaluating the Ex values which would be applicable at 
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O- other ratios so as to compare them with the observed ones. In all these determinations 
en the tungsten ion concentrations were considerably low as compared with that of the acid. 
m 


The measurements were all made at 30°+0.02 ina manner similar to that used in 
a the case of molybdenum ions (Tourky and El-Shamy, J. Chem. Soc., 1949, 140). After 














“ preparation, each solution was checked for its sexa- and quinque-valent tnngsten 
of content as shown above and for its chloride content after distillation with concentrated 
“ H,SO, and gravimetric determination as AgCl. 
“ Assuining (hat the cell reaction takes place according to 
i- 
- WO," +2H'+2e = WO''*'+H,0 
. . -_ ( )."*) (Bt)? 
. Hence, E=E,+RT/nF log “2: at 
1e (WO"**) 
: Fig. If it is allowed to set E=E, for solutions 
y 4 
» 046 of equal concentrations at the acidity 
‘ used, hence E,, as referred to hydrogen 
€ 0.38 i 
e . €lectrode = 0.3155. This value should be 
Ss Considered, however, as formal potential at 
. 0,30 * 4: 
es the acidity used. As can be seen from 
7 Table III and the corresponding Fig. 4, 
0 20 
4 the values calculated with the help of this 
y 
r 14 formal potential deviate only considerably 
f +t it. 1. from the observed values at extreme ratios. 
l o 20 49 60 80 
w(%) 
TasLe IV 
wt; ws. EquilibriumE.M.F. (sat.calomel). En Ex (calc.) 
Cell 1. Cell 2. Cell 3 Mean. 
90 :10 0.1509 0.1498 © 1§05 0.1504 0 3924 0.3728 
80:20 0.1193 0.1208 0.1199 0.1200 0.3620 0.3517 
70 :30 0.1006 0.0991 0 0994 0.0997 0.3417 0.3376 
60 :40 0.0847 0 0846 0.0851 6.0848 0.3268 0.3261 
50:50 0.0747 0.0733 0.0724 0 0735 0.3155 _- 
10 :60 0.0596 0.0581 0.0500 0.0589 0. 3009 0.3049 
30:70 0.0435 0.0449 0.0450 0.0445 0.2865 0.2934 
20 :80 0.0210 0.0200 0.019 0.0200 0.2620 0.2793 
10 :90 — 2.0244 —0.0242 —0.0251 —0.0218 O 2172 0.2582 
FarouK I UNIVERSITY, 
FAcuLty OF SCIENCE Received December 27, 1951. 
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compared with those obtained on an average at the temperature of the solution, take part in the 
nuclei formation. A precondition of an ordered arrargement of such molecules and their subsequent 
collision leading to nuclei formation is assumed. It has been advanced that the rate of nuclei formation 
for supersaturated solutions is controlled by the viscosity of the solution The rate of nuclei formation 
is proportional to limits of supersaturation and inversely proportional to the te:nperature coefficient 
of the absolute viscosity of the solution. Stabilisation against nuclei formation by heating to higher 
temperatures depletes the system of molecules having the order of energy for nucleation and considerabl 
supercocling has to be done before spontareous crystallisation. 


In a previous paper (this Journal, 1950, 27, 627) the limits for supersaturation for 


In a saturated solution at any temperature, rapid nucleation and dissolution of 
solute is taking place at the solid-solution interface. In a supersaturated solution 
there is no such equilibrium, but at the time of spontaneous crystallisation or nucica- 




























LIMITS OF SUPERSATURATION AND NUCLEI FORMATION 


By B. S. SRIKANTAN 


It has been shown on kinetic grounds that the solute molecules possessing a low order of energy, 





a few typical inorganic salts have been measured as the difference of temperature of 
saturation (T,) and the temperature of spontaneous crystallisation (T.) on-cooling with 
continuous shaking. It has been shown that (T.) follows closely the solubility curve 
at each point, thus establishing the limits of the metastable region of Miers (J. Chem. 
Soc., 1906, 89, 413 ; 1908, 98, 927 ; Proc. Roy. Soc., 1907, A79, 322}. The experiments 
have been made under carefully controlled conditions and the volume of the solution 
to the surface of the reaction vessel in all cases was 1:1.5. Hartley and Thomas (J. 
Chem. Soc., 1906, 89, 103) have recorded similar results in their work on the solubility 
of triphenylmethane in benzene. The supersolubility curve follows closely the 
solubility curve in the case of the solubility of the complex CHPh;.C,H, in benzene 
and also of triphenylmethane in benzene. ‘There is also a variation in the values of 
(IT. -—T-) at différent temperature ranges as in our work. A few relevant data from 
the previous work have been taken in columns 2, 3 and 4 in Table I for the purpose of 
the present discussion. The points of interest that are evident in the results have to be 


explained : 


The constancy of (T,—T.) for substances like KCI which have a constant 

temperature coefficient of solubility. 
The increase of ‘T,—T-.) for other salts except KCIO, for which {‘T; —T-) 

decreases with rise in temperature. 

The increase in supersolubility limit {‘T,-T-) by heating NH,Cl and t 
PbAc, to the metastable ‘metastable here should mean _ unstable, to 

avoid confusion. So for this the latter term is used) region in the solu- 

bility curve itself. 


Energy of Activation of Molecules in Nuclei Formation 
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tion on cooling, there comes into existem.e again the equilibrium at the lower tem- 
lf in this transition from the non-equilibrium state to she equilibrium 


perature. 
molecules of a solute are involved out of a total number of N molecules 


condition, me 
in solution, and these molecules are associated with FE calories/g.mol. of energy 
of activation of nucleation at T., then from the kinetic theory, 

= = g~E/RTe 

N 

No E 


=> I-- 


= N RT. 

‘omitting the higher powers of the expanded function). Spontaneous nucleation will 
take place if RT >E or if E/RT <1. In the experiments with aqueous solutions, 
ordinarily T ranges from 273 to 373 absolute, i.e. the value of E therefore must be 
less than 500-700 calories/g. mol. This is of a low order even when compared with the 
heat of solution of the particular solute. This means that the number of molecules 
ne capable of nuclei formation have a low kinetic energy. That 
low kinetic energy ‘as compared with those at an average K.E. characteristics at T-) 
are involved in the process of nucleation is evident from the experiments of Tammann 
(Z. physikal. Chem., 1508, 28, 441) on supercooled liquids, where he showed that 10* 
molecules per unit volume were only taking part out of 10'* molecules per unit volume 
in the formation of nuclei. A similar conclusion has to be drawn from the experiments 
of Kundsen (Ann. Physik, 1916, iv, 50, 472) on the condensation of metal vapours 
on cold surfaces of glass. Sahormann and Sclinackenberg (Z. Elektrochem:, 1041, 
47, 277) have also coucluded that in the intermittent growth of metal crystals, the 
energy of activation for the perfect growth is 150 Cal./gram-atom of bismuth and 800 


molecules having 


Cal./gram-atom of nickel. 
A similar equation as above for the number of molecules n, possessing E energy of 


activation for nucleation at T,, the solution holds good. 


Ns 


N 


_ Ns ~MNec —_ . _ 
Then, Ww RT.T, (T, —-Te). 


If T;T. and FE are considered constant for the temperature range in aqueous solu- 


tions, 
(T, -T.) ‘ns — Ne). 


Limits of Supersaturation and Change in Absolute Viscosity of Saturated 
Solutions at afferent Temperatures 


However, in the range of temperatures 273° to 373° Abs. the number n out of a total 


of N having this low energy of nucleation (ca. 630 Cal./g. mol.) at the higher 


temperatures will be 1.8 times that at the lower temperatures. This is not enough 


alone to account for the variation of (T,-—T.) in all the cases noted above. It 
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is, however, noticed from the viscosity data of these salts that the change 
in the order of viscosity coefficient for KNO,; and NH,Cl occur at these tem- 
peratures where a change in T,;—T-. occurs. Wherever T7,—-T. is constant over 
a range, the change in the viscosity coefficient is also constant. ‘Thus, a decrease 
in the order of the viscosity coefficient should correspond to an increase in the motion 
of particles. The following table is constructed out of existing data on the viscosity 
of concentrated solutions from the international Critical Tables (Vol. V, pp. 10, 12-19) 
and from the previous work of the author (Joc. cit.). 


TABLE ] 
Solution. Mol./1000 g Temp. Ts—-Te. ~(n —n). (Ts—Te) (9 —n) 
of solvent range. T+10 T+10 
KCI (4) 5-7 40°—70° 13.1 165 X1073 2.0X10°4 
{ 10° —30° 3-9 1.8x 1073 7.2x1073 
KN(¢ )3(y) 2-4-5 : 
| 40°70" 7.8 9.51074 7.4X10°° 
{ 10° —30° 3-7 1.6X 1073 5.91073 
NH,Cl(¢) 6-8 
r 40°—60° 5.9 8.41074 4.51075 
"eee 10°—30° 6.2 o -- 
KCIO, 0.10.5 
30°—60° 2.4 — — 


the number of molecules of the corresponding solute 


The figures in bracket in col. 1 give 
in 1000 g.. of water for the available viscosity data. Col. 2 gives the number of molecules per 
Thus the solutions consi- 


1000 g. of water required for saturation at temperature ranges in col. 3. 
dered for viscosity data are fairly concentrated though not saturated. Col. 4 gives the Ts; —Te from 


the previous paper (loc. cit.). Col. 5 gives the difference in absolute viscosity in poises without the 
negative sign of saturated solutions for 10° in the region mentioned in col. 4. Col. 6 is the product of 


T;—Te and (np, 39 — 7) without the negative sign 


It is clear from the above table that for KCl the change in the viscosity coefficient is 
uniform throughout the range of temperatures, where (T, —T-) is also constant. For 
KNO, from 10° to 40°, the change in the viscosity coefficient is of the order of 107° 
poises and for 40° to 70°, it is of the order of 10°* (10 times less) which corresponds to 
T;~T- having a small value up to 40° and a higher value from 40° to 70° ; similarly for 
NH,Cl. Though Jones (J. Chem. Soc., 1908, 93, 1729) holds the view that the viscosity 
of supersaturated solutions is insufficient to offer hindrance to spontaneous crystallisa- 
tion, the above data and the low order of energy involved in the process of nucleation, 
the role of viscosity factor seems not inconsiderable. 

In this process two steps may be assumed to be involved: 

(I). The active molecules must come to an ordered position at an optimum distance 
between each other. The rate of the ordering process is proportional to the number 
of such active molecules (a unimolecular process) and will be proportional to the 
viscosity of the solution since the energy of activation is low. 

(1I). The ordered groups will coalesce together (a bimolecular process) to form 
the nuclei, which again is hindered by the viscosity factor. 








re as A 











LIMITS OF SUPERSATURATION AND NUCLEI FORMATION 677 


Of these two steps, the slower one determines the rate of crystallisation. But at 
the same temperature the rate of the second may not far exceed that of the first, for 
spontaneous crystallisation. If it exceeds, there would be a time lag and no spontaneity 
in crystallisation. In this connection the experiments of Marc (Z. physikal. Chem., 
1908, 61, 385; 1900, 67, 470 ; 68, 1043 1910, 78, 685 ; 1911, 75, 710; 1931, 81, 641) are 
to be noted. The velocity of crystallisation of some substances is unimolecular at 25° 


but bimolecular at 0°, showing that at o° the process (Il! is far slower than (I). 
Therefore the supersolubility limit (T.—T.), which is proportional to (n.—n-), is a 
measure of the ordering process and will be inversely proportional to the difference in 
the viscosity of the solutions at T, and T.. 

Thus, ‘T,—T.) = k/(n,;—nej)), where k is constant ; (7. and 9) are the viscosities 
at the two temperatures T, and T-. 


Or (T; —Tc) (ne—1e) = k. 


This equation holds good for different region, as is seen from Table J, where the values 
for each region has only been quoted. From the last column it could be seen that for 
KNO, and NH,Cl! the rate of nucleation is 100 times lowered at higher temperatures 
than at lower temperatures; T,—T,. is great or small according as the change in the 
viscosity is small or great. 

In this connection it is to be noted that Weimarn’s work ‘Chem. Rev., 1925, 2, 
217) on the velocity of crystallisation from supersaturated solutions shows that 
viscosity is not capable of explaining why the velocity of crystallisation falls off rapidly 
at high degree of supersaturation. But it is to be noted that the temperature coefficient 
of absolute viscosity really accounts for the phenomenon. In the equation 


V = kx(Q-S)/S, 


where V is the velocity of precipitation, (Q—.S) is supersaturation and S is the solu- 
bility. Solubility itself is inversely proportional to velocity. which is not obviously 
correct. : 

In the absence of viscosity data on saturated solutions, the above gives a fair idea 
of the effect of viscosity of solutions in nuclei formation in supersaturated solutions. 
For KCIO, there is no data on viscosity-temperature available and it must obviously 
belong to those few substances, the viscosity of whose solutions shows a high rate of 
increase with temperature in different regions. ‘The viscosity coefficient for 10° must 
be of the order of 10~* below 30° and 10° (poises) above 30° up to 70°. ‘The rate of 
nuclei formation will be low at low temperatures and high at higher temperaturers. 
In fact, from the previous paper (loc. cit.) it is seen that for KCIO, no supersaturation 
is maintained above 70°. This may be tentatively held correct till the data on viscosity 
of saturated solutions are obtained for which work is in progress. 


Stabilising Action of Heat against Nuclei formation 


It has been shown (loc. cit.) that heating saturated solutions of NH,Cl and PbAc, 
at any temperature to the temperature at which saturation is unstabie (meta), increases 
the value of T,—Tc, i.e., the solution is stabilised against crystallisation by cooling. 
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Heat treatment of liquid melts to higher temperatures than the melting point, before 
undercooling is a factor affecting crystallisation frequency, has been observed by a 
number of workers (Tammann, Aggregat zustand, Leipzig, 1922 } Orthmer, 2. anorg. 
Chem., 1913, 91, 209; Jaffe Z. physikal. Chem., 1903, 48, 565; Hinshelwood and 
Hartley, Phill. Mag., 1922, 48, 78; isaac, J. Chem. Soc., 1908, 78, 384; Fuchtbauer, 
Z. physikal. Chem., 1904, 48, 304 ; Mayer and Pfaff, Z. anorg. Chem., 1934, 217, 257; 
1935, 222, 382; 1935, 224, 304 ; Tammann, ibid., 1935, 222, 370, etc.). R. Gopal (this 
Journal, 1947, 24, 279) has extended similar observations to supersaturated solutions. 


The phenomenon appears to be a general one. Various explanations like the ‘loss of 


memory of crystal conditions’, the existence of ‘slow transformation through pseudo- 
crystalline state’, existence of an ‘isomorphous state of higher melting point’, decrease 
in catalytic activity of colloidal dust and resistance by viscosity of solutions have been 
offered by different workers. 

However, from the idea put forward in this paper it is obvious that since molecules 
having a lower energy than that cbtaimed in the system by virtue of its temperature 
take part in nuclei formation, heating to ¢ higher temperature than T; and maintaining 
it there for sometime, a large number of molecules are raised to a higher state of energy, 
and with prolonged heating the system gets depeleted of the molecules having a lower 
order of K.E. favourable for nuclei formation. Solutions so treated would require 
considerable supercooling before sufficient number of molecules return to the state 
having lower energy (‘the critical amount for nucleation). Hence, the value of 7. — Te 
becomes greater or stabilisation is noted. If rapidly cooled, T; —T- would be larger, and 
if very slowly cooled, T;—T. would be lessened. Crystsllisation frequency from melts 
has been shown to be a function of time by Tammann (loc. cit.) and Hinshelwood and 
Hartley (loc. cit.). 
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HYDROGEN BONDING AND RESONANCE FROM THE STUDY 
OF PARACHOR 


By W. V. Buacwat, R. P. SHuxkiA AND S. G. KHANDEKAR 


Parachor of carboxylic acids like acetic acid, propionic acid, butyric acid, benzoic acid and sali 
cylic acid in solvents like ether, chloroform, benzene, carbon tetrachloride, acetic acid, acetone etc., 


has been determined. It is shown that since in some solvents only monomers and in some, dimers are 


possible, it is feaible to decide whether a structure is of reaonance type or actually a hydrogen bond is 
formed. In general when the hydrogen bond is formed there is an appreciable decrease in parachor, while 


if there is resonance, the decrease is not appreciable. 


Bhagwat and Shukla (this Journal, 1950, 27, 283 ; 1951, 28, 106) have shown that 
there is a relationship between parachor and resonance. ‘The low parachor values 
for aliphatic diazo compounds and -N; group suggested structures not supported by 
electron diffraction and other methods. ‘The explanation forwarded by Bhagwat and 
Shukla ‘loc. cit.), that it is due to resonance, is now in harmony with the conclusions 
arrived at by other methods. 

Sidgwick’s suggestion (J. Chem. Soc., 1925, 909) that each increase of one unit 
in covalency results in an approximate decrease of 12.8 units in parachor, and his 
assumption of the actual formation of a covalent ring by hydrogen bond, as in the case 
of aceto2cetic ester, 

Fa 

CH,—C O 

Noi F% 
Be 24 
H OCH, 
cannot be upheld as hydrogen cannot increase its covalency, having one stable 
orbit. The hydrogen bond arises due to electrostatic interaction between the two 
atoms or groups that are linked by it (cf. Pauling, ““Nature of Chemical Bond’’, 1940, 
p. 288; Wheland, ‘Theory of Resonance’’, 194.4, p. 47). It will be clear therefore that 
the decrease in parachor observed by Sidgwick cannot be attributed to covalent bond, but 
to hydrogen bond. 

The ring behaviour of 8-keto esters, including ethyl acetoacetate has been confirmed 
by Sidgwick (J. Chem. Soc., 1925, 2739) from the solubility of enolic form in hydroxylic 
solvents and in benzene, and by Bawn (cf. Glasstone, ‘““Recent Advances in Physical 
Chemistry’’, 1938, p. 51) from infra-red spectra. The decrease in parachor therefore 
may be due to hydrogen bond or resonance. 


Carboxylic acids are known to exist as dimers in benzene, chloroform and carbon 
tetrachloride, and as monomers in ether (cf. Pauling and Brockway, Pcoc. Nat. A-ad. 
Sci., 1934, 20, 336; Coolidge, J. Amer. Chem. Soc., 1928, 50, 2166 ; Lassettre, Chem. 
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Rev., 1937, 20, 259). Thus, resonance structures are only possible for these acids in 
ether, while in other solvents they will exist as dimers containing hydrogen bond. 


A? f° 
R—C and it (in ether) 
Nox Non’ 
7: HO 
2 Lf , fin other solvents) 
\ aera oF 


The difference in parachor of carboxylic acid in ether and other solvents, if any, 
will help to establish whether decrease in paract or is due to resonance or due to hydro- 
gen bonding. With this object in view we have studied the parachor of carboxylic 
acids in these solvents. Our results are shown below. 

In calculating the parachor of the solute in solution the mixture law of Hammick 
and Andrew (J. Chem Soc., 1920, 754) has been used. In the table the following terms 
have been used 

x = molecular fraction of carboxylic acid, ¢ = temperature, d = density of 
the solution, y = surface tension of the solution, P, = the parachor of the solution 
and Px = the parachor of the carboxylic acid. 

The results for Px have been calculated in all the cases with double the molecular 


weight of the acid (dimer), 


TABLE I 


Solvent x; t. d, y. Pm. Px 


Acetic acid. 


Benzene. 0.4278 23.9° 0.9634 22.7 228.7 260.5 
0.7034 26 3° © 9997 26 4 244.1 260.5 

cc 0.476) 30.5° 1.283 247 240.4 260.5 
0 4826 32.0° 1 271 239 239.4 260.2 
0 6766 307° I 252 297 247.7 260.7 

CHCl, o 6236 24.7° 1.156 26.1 232.1 260.5 
0.2905 24.9° I 312 25.5 205 4 260.1 

Ethyl ether 0.5130 19 2° 0.7908 28.80 248.8 284.1 
0.2987 19.2° 0.8380 24.79 233-4 284.2 

Propionic acid 

Benzene 0.3322 as?” 0 9358 30.26 2507 342 5 
0.6446 28.4° 0 9581 27.09 291-5 341.2 

CCl 0.36274 32.3° 1.2537 44.289 263.80 341.08 
445 30.7° 1.2089 40.013 273.95 340.99 





CHCl; 0.73552 25.1° 1.0681 25.693 298 81 340.52 





Ethyl ether 0.8776 27.95 273.0 362.1 
23.10 


5 0.7900 239.6 
























Solvent. %. 


Benzene 0.02149 
© 02579 
0.02836 
CC 0.02228 
0.02655 
0.02757 
CHCl, 0.04482 
0.04649 
CS, 0.009766 
0.01569 
Ethyl acetate 0.03602 
0.06716 
0.07941 
Acotone 0.01848 
0.04021 
0.04840 





Ethyl ether 0.02284 
0.08688 


Acetic acid 0.01971 
0.06567 


Benzene 0.3644 
0.2711 


cch 0.3390 
0.43073 


Methyl acetate 0.7224 
0.8492 

Ethyl alcchol 0.05051 
0.07950 


Ethyl acetate 0.05539 
0.06291 








5-1801 P—9g. 


29 
30° 
26° 


35 
25 
28° 


3/ 


27:5° 
28.0 


31.8 
32.1° 


31.0° 
26.3° 


The calculated parachor of 
for propionic acid, 360.2 and for henzoic acid, 550. The observed results in ether and 
other monomeric solvents as acetone, acetic acid, ethyl alcohol and ethyl acetate are 


284, 362 and 549 respectively. 
there is no appreciable decrease due to resonance between the molecules of carboxylic 
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Tasle I (contd.) 


d Y- Pm. Px. 


Benzoic acid. 


0.8847 28.21 212.71 535 8 
0.8857 28 31 214.26 537.0 
0 8880 28.29 215.02 536.3 
1.5450 25-33 225-97 536.5 
1.5520 26.04 225 96 536.9 
1.5470 25 84 227.70 539.9 
1.4190 26.04 198.90 537.6 
1.4310 26.99 199.51 537-9 
1.2380 30.37 147-33 537-4 
1.2430 30.93 149 64 5338.0 
0.9061 23.61 227.45 548.9 
0.9055 22.95 238.68 549-9 
0.9251 25.37 242.21 549.2 
0.8054 24.14 169.15 549-1 
0.8237 24.86 177.58 549.1 
0.8285 24.98 180.79 549.4 
0.7444 38.26 260.75 549-4 
0.8071 40.43 279-53 548.3 
1.0530 30.09 141.580 547.0 
1.0640 31.56 160.940 550.2 


Butyric acid. 


0.9228 29.51 287.1 430.1 
0.9166 29.54 266.0 430.2 
1.260 26.65 201.4 430.5 
1.1965 26.785 310.86 430.7 


Salicylic acid. 


0.9945 27.67 306.39 586.8 
1,0030 29-95 212.71 589.0 
0.8826 27.83 152.52 590.4 
0.8993 26.84 163.42 590.2 
0.9462 27.72 236.74 589.3 
0.9545 27-34 239.42 588 6 


acetic acid as dimer without hydrogen bond is 282.2, 


The agreement is fair and it can be concluded that 
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acids. On the other hand, where hydrogen bond is formed, the values of acetic acid, 
propionic acid and benzoic acid are 260, 340 and 537 respectively. Thus, there is an 
appreciable decrease in parachor due to two hydrogen bonds existing in the dimer of 
carboxylic acids. 

The values cannot be the same since the strength of the bond varies with groups 
attached to hydrogen atoms. 

t is interesting to note that the parachors of pure liquids like formic and acetic 
acid, as obtained experimentally are 93.3 and 133.5 respectively (cf. Hunter and Mass, J. 
Amer. Chem. Soc., 1929, 51, 155 ; Mumford and Phillips, J. Chem. Soc., 1929, 2112). 
They are known to be partly associated. The calculated values are 102 and 141. 
The decrease in values supports hydrogen bonding and association of these acids, as 
supported by electron diffraction methods (Pauling et. al., loc. cit.). 

Salicylic acid gives a value of 589 in ethyl acetate and methyl acetate, while the 
calculated value is 590 for resonating molecules. No hydrogen bond is formed as ex- 
pected. 

We conclude therefore that parachor determination can decide between the resona- 
ting and hydrogen bond structures ii both alternative structures are possible. ‘The 
observed parachor and the calculated one do not differ much in the first case, while in 
the case of hydrogen bond there is an appreciable fall in the parachor value. 


CHEMISTRY DEPARTMENT, - Received February 11, 1952. 
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CONSTITUENTS OF COLLOIDAL ARSENIC SULPHIDE 


By A. K. M. Trivepi AND M. J. PaTanr 


Concentrated and aged arsenic sulphide sols have been prepared by passing hydrogen sulphide gas for a 
long time in a concentrated solution of arsenious oxide and then evaporating the sol obtained on a water- 
bath. Tae nature and the amount of the stabilising ion per g. of the colloid have been investigated. 
Composition of the particles of the sol has been determined by two different methods. 


There is a considerable divergence of opinion as to the nature of the stabilising ion 
as well as to the composition of arsenic sulphide sol. Linder and Picton (J. Chem. 
Soc., 1892, 61, 114) consider that colloidal arsenic sulphide isa polymerised hydrosalphide 
such as 16As,S,;.H,S. Kargin and Klimovitzkaja (J. Phys. Chem. U.S.S.R., 10934, 
5, 969) consider that H,AsO, is a stabilising ion. Bhatnagar and Rao (Kolloid 7., 
1923, 28, 159) consider that red coagulum obtained by freezing the sol consists mostly 
of arsenic disulphide. Inthe present work we have investigated the nature of the 
stabilising ion, as well as the composition of the aged sols by different methods. 


Ex PERIMENTAL 


Concentrated arsenic sulphide sols were prepared as follows: H,S was passed in a 
clear saturated solution of arsenious oxide prepared at the room temperature. As the 
reaction between H,AsO, and H,S slowed down gradually, H.S was passed for a long 
time until practically no free H,AsO, remained. 

Free H,;AsO, was tested as follows: The sol was coagulated by an electrolyte. 
To the filtrate H.S was passed. No yellow colour appeared, thus indicating the absence 
of H,;AsOs. ‘The sols were concentrated by slow evaporation on a water-bath. The 
total solid content of the sol was estimated by evaporating it on a water-bath and then 
on the oven at 110° to 120°. 

Free arsenious acid was estimated as follows: To a measured volume of the sol 
aluminium sulphate (0.5 g.) was added. The coagulum soon settled down. The filtrate 
and the washings were neutralised by sodium bicarbonate, added in excess. Arsenious 
acid was then titrated against standard iodine solution (Cumming and Kay, “‘Quantitative 
Chemical Analysis’’, oth Ed., 1945, p. 145). 

In the freshly prepared arsenic sulphide sol there was an absence of H;AsO,; found 
by qualitative tests. When the sol was kept for a few days or when it was heated, 
H;AsO; was formed. ‘The formation of H,;AsO, in the presence and absence of H,S was 
investigated as follows: In experiment (A), 50 ml. of the freshly prepared arsenic 
sulphide sol were taken and immediately coagulated with sodium chloride. ‘The filtrate 
was boiled till free from H,S, In experiment (B), 50 ml. of the sol were first boiled till 
free from H,S and then coagulated with sodium chloride. The coaguium was filtered 
off. The filtrate aud the washings in both the cases were then titrated against a standard 
iodine solution. The results are shown in Table I. 
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TABLE I 


Conc. of the sol. (A) N/1o-lodine soln. required, (B) 
30.00 g./litre 0.10 2.30 
40.12 0,10 2.55 
48.48 0.15 3.05 
20.20 0.10 2.00 


According to Murphy and Mathews (J. Amer. Chem. Soc., 1923, 48, 16), arsenic 
sulphide sol contains colloidal sulphur, stabilised by polythionic acid. ‘This was tested 
as follows: The sol (25 ml.) was diluted and silver nitrate acidified with nitric acid 
was added in excess so that the solution was o.2N with respect to nitric acid. The 
precipitate was filtered off and the filtrate was treated with a hot barium chloride solution. 
Polythionate, if present, can then be estimated as barium sulphate following the inethod 
of Bolam and Trivedi (Trans. Faraday Soc., 1942, 38, 140). No turbidity appeared 


even after 24 hours. 
The proportion of the stabilising ion per gram of the arsenic sulphide was estimated. 


The results are shown in Table II. 
TABLE ITI. 


Expt. As,S3. Arsenious acid. Expt. AsS; Arsenious acid 


(g./litre.) (m. e./litre) (m.e./g. of (g./litre). (m.e./litre) (m.e./g. 
As,S3.) _ Of As@S3). 


43-4 * 0.47 I 51.6 0.43 
41.€ 0.49 49.8 21.2 0.43 
38.8 21.6 0.56 59-4 22.5 0.39 
32-9 20.2 0.62 55-7 28.5 0.52 


49.4 17.6 0.36 53.0 278 0.53 


Composition of the Sol by Silver Sulphide Method.—To 10 ml. of the sol excess 
of silver nitrate was added. Reaction of arsenic sulphide with silver nitrate may be 
represented as follows: 

As,S,+6 AgNO, —> 3 Ag,S+2 As(NO;)s 
As,S;+10 AgNO; — 5 Ag.S+2 As (NO; ); 


Thus, the amount of silver sulphide obtained from a known volume of the sol will 
indicate its composition. Silver sulphide was estimated following the method of Bolam 


and Trivedi (loc. cit.). 

ln Table III are given the amounts of silver sulphide calculated (a) according to 
the assumption that the sol consists of arsenic trisulphide only, and (b) it consists of 
arsenic pentasulphide only. 

Since some free arsenious acid as the stabilising ion also existed in the sol, it was 
estimated and was allowed for, in column1. In all cases weight of the dried sol was 
between the values calculated as in (a) and (b). The percentage composition of the 
particles of the sol in terms of tri- and pentasulphide is given in column 4. The various 


concentrations are given in terms of g./litre. 





CONSTITUENTS OF COLLOIDAL ARSENIC SULPHIDE 


TasLe II 


Corrected residue. As9Sz. As,S;. Percentage composition. 
(a) (b) AcsSy. As,Ss. 


26.01 26.52 20.05 92.1 7.9 
44-12 44-66 33-77 95.0 5.0 
35-81 36.37 27-51 93-7 6.3 
26.61 27 11 20.50 92.4 76 
46.56 47-53 35-70 91.8 es 
24.91 25-46 19.26 91.2 §.8 
46.02 47.28 35-75 89.1 

91.28 93-22 70.50 91.5 


The filtrate after removal of the silver sulphide was estimated for trivalent arsenic as 
follows: Sodium chloride was added in excess. Silver chloride was filtered off and filtrate 
was titrated against standard iodine solution. ‘The free arsenious acid originally persent 
in the sol as the stabilising ion was also estimated and allowed for as before. Assuming 
that the remaining constituent is arsenic pentasulphide, the composition of the colloidal 
particles is shown"in Table IV. Concentrations are expressed in g./litre. 


Tasie lV. 


Corrected residue. Calculated as Percentage composition. 


(a). As9S3 As,Ss5 As,Sy. As,S; 
(b). (a-b). 


26 o1 23-92 2.09 92.1 7-9 
44.12 41.27 2.85 93-5 6.5 
35-81 32.60 3-21 gI.1 8.9 
26.61 24.85 1.76 93.4 6.6 
46.56 44.34 2.22 95.2 4.8 
24.91 23.80 1.11 95.5 4-5 
46.02 41.52 4-51 go.2 9.8 
52.86 48.99 3.87 92.7 7-3 


DISCUSSION 


Stabilising lon.—The data in ‘Table I clearly indicate that arsenious acid is formed 
in the absence of H,S. When the sol is freshly prepared, 1t contains H,S as the stabilis- 
ing ion. When the sol is aged, either by keeping for a long time or by boiling, free 
H;,AsO; is formed. The sols, then, may be considered to be stabilised by H,;AsQ . 
This is in harmony with the views of Kargin and Klimovitzkaja (loc. cit.). The pro- 
portion of the stabilising ion per g-am of the colloid will depend upon the history of the 
sol. From Table II, it is clear that there is roughly 0.4 to 0.5 m.e. of H;AsQ, per gram 
of the colloid. This may be compared to about 1 m.e. of the stabilising ion per gram 
of the colloid in the case of the sulphur sols (Bolam and ‘Trivedi, loc. cit.). An alter- 
native view will be to consider that the sol is stabilised by H,S, and H;AsQ, exists in the 
intermicellar liquid. Existence of H;AsQ, in the intermicellar liquid does not 
necessarily mean that it is the stabilising ion. It may, then, be considered that the 
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excess of suiphur over that required for arsenic trisulphide is as H,S adsorbed on the 
particles of the sol. Pauli and Semler (Kolloid Z., 1924, 34, 145) and Pauli and Laub 
(ibid., 1937, 78, 295) consider H.S as the stabilising ion. There are, however, certain 
difficulties in accepting the above view point. If the excess of sulphur is considered 
to exist as the stabilising ion, composition comes out to be about 2 m.e. of sulphide per 
gram of the colliod. The proportion of the stabilising ion per gram of the colloid appears 
to be rather high. Besides, if H.S is the stabilising ion, the sol on coagulation will 
yield a supernatant liquid which should give a test for hydrogen sulphide with silver 
nitrate solution. The qualitative test showed the absence of H.S. Therefore, existence 
of H;AsQ; as the stabilising ion in the case of aged arsenic sulphide sols appears to be 
more probable. 

Regarding the composition of the particles, it may next be assumed that the excess 
of sulphur exists as colloidal sulphur (Murphy and Mathews, loc. cit.). The existence 
of sulphur stabilised by polythionate is ruled out as qualitative test fails to show the 
presence of polythionate, the stabilising ion required by sulphur sols. ‘rhe free sulphur 
was tested and was also found to be absent. 

I'he only alternative left therefore is to consider that a part of ' he colloid may consist 
of arsenic pentasulphide. It must, however, be admitted that no direct evidence has 
been obtained to prove the existence of arsenic pentasulphide in the colloid. Its 
existence has only been inferred in an indirect manner 

Assuming that arsenic pentasulphide exists in the sol, it is clear from the data in 
Tables I1I and IV, that the arsenic sulphide sols consist of arsenic trisulphide and arsenic 
pentasulphide roughly in the proportion of 92:8 respectively. There is a slight diver- 
gence between the different values as well as the results obtained by the two methods. 
This divergence is, however, slight and all the results cited clearly indicate that the 
arsenic sulphide sol consists mostly of trivalent sulphide with a little of pentavalent 
sulphide. Bhatnagar and Rao (loc. cit.) appear to think that the colloid consists 
of a mixture of As,S, and As,S;. When the sol is coagulated, the coagulum appears 
sometimes yellow and sometimes red. It is suggested (Semler, Kolloid Z., 1924, 34, 
209) that the red preparation obtained by adding barium chloride to arsenic sulphide is 
Ba,As.S;. However, it was found by us that when the sol was corgulated rapidly, the 
coagulum was vellow, while when the process of coagulation was slowed down, the 
coagulum obtained was red. ‘Thus, the colour of the coagulum must be ascribed to the 
size of the particle and not to its chemical nature. This is in agreement with the views 
expressed by Weiser (J. Phys. Chem., 1930, 34, 1021). 

‘lhe authors’ thanks are due to the Ahmedabad Education Society for a generous 
grant towards chemicals and apparatus. 

CHEMISTRY DEPARTMENT, 


L. D. Arts COLLEGE AND M. G. Screncké INSTITUTE, Received September 18, 1951. 
AHMEDABAD. 





[Jour. Indian Chem. Soc., Vol. 28, No. 9, 1952] 


COAGULATION OF COLLOIDS. VARIATION OF TIME OF COAGULATION 
WITH ELECTROLYTE CONCENTRATION. PART Ill. STUDIES 
WITH CHROMIUM HYDROXIDE SOL 


By RAMA KuMAR AND ABANI K. BHATTACHARYA 


The slow coagulation of positive chromium hydroxide sol has been studied with a number of elec- 
trolytes containing organic and inorganic anions. The electrolyte concentration ‘c’ has been plotted 
against 1/t, the reciprocal of the time of coagulation, and 1/(c—a) against ‘t’, The results are in 
agreement with the equation, 


emg tlt 
n+1/t 
In our previous communications (this Journal, 1951, 28, 179, 638) we have discussed 
the slow coagulation of arsenious sulphide by various electrolytes and the applicability of 
the equation 
m.1/t 


at ipse 
n+1/t 


of which c=a+b/t is a particular case. Therein we have observed that, in the case 
of these sols, the variation of the time of coagulation (/} with concentration (c) of the 
electrolyte added can be weli expresed by the general equation mentioned above. We 
have extended our studies to the slow coagulation of chromium hydroxide sol by 
potassium sulphate, sodium formate, potassium acetate, sodium benzoate, potassium 
oxalate, sodium salicylate, oxalic acid and tartaric acid. 


EXPERIMENTAL 


Preparation of chromium hydroxide sol has been tried by previous workers 
in several ways with or without organic peptisers like sucrose and glycerine. We 
prepared the sol by adding about 3 c.c. of 2N ammonium carbonate to too c.c. of chromic 
hydroxide solution containing about 4 g. of the hydrated sample of chromium chloride. 
Care was taken to control the amount of ammonium carbonate so as to keep the chro- 
mium hydroxide at a point just short of precipitation. The sol was then dialysed at 
room temperature, changing water every 12 hours, till the dialysate was found to contain 
only traces of chloride ion. 

The time of coagulation was determined by noting the time for visible separation 
of the coagulated particles from the surface, as described in our previous papers (loc. cit.). 
Having observed the time of coagulation, ‘c-1/t’ graphs were drawn. The following 
graphs (Figs. 1-5.) represent the observations with potassium sulphate, potassium acetate 
and oxalic acid as coagulating agents at three different concentrations of the sol. 


Dirscu SSION 


lt is an interesting observation that although the univalent inorganic ions (Cl~, Br-, 
I~, NO,~, CNS”) have no precipitating action on the chromium hydroxide sol, the 
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COAGULATION OF COLLOIDS 


FIG. 3 


Coagulation with oxalic acid. 
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organic ions of the same valency could coagulate it normally. This difference in the 


behaviour of the univalent inorganic and organic anions seems to be due to much less 
6—1801P.—o. 
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adsorbability of the former than that of the latter. This view is supported by the 
relative adsorption of organic and inorganic anions studied by Ishizaka (2. physikal. 
Chem., 1913, 88, 97) on fibrous alumina. He has shown that adsorption of the organic 
ions is many times more than that of inorganic ions of the same valency. Ishizaka 
and Freundlich (ibid., 1913, 85, 398) have further shown that the adsorption of bivalent 
inorganic anions is considerably more than that of univalent ones ; and this fact 
explains our observations with K.SO,, K,PO, and K,Fe(CN),, the last two causing 
immediate coagulation even in dilute solutions 

The behaviour of oxalic and tartaric acids is distinguished from the rest of the 
electrolytes by the fact that they at first coagulate the sol, but the coagulum is found 
to dissolve gradually within 24 hours. The usual bends for all other electro- 
lytes are away from the ‘c’ axis, but those with oxalic acid and tartaric acid are towards 
it. The shape of these curves suggests that the coagulating action of the ions is more 
predominant up toa certain concentration of the* acid, beyond which the dissolving 
effect of the acid becomes appreciable. This causes comparatively small decrease in 
the time of coagulation with the increase in the concentration of the acid, and hence 
the characteristic bend. 


FIG. 5 


Coagulation with Pot. acetate. 
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In order to test the applicability of the equation shown in Part II (loc. cit., p. 638) 
or 1/c—a=nt/m+1/m to the chromium hydroxide sols, we have plotted 1/(c—a) against 
‘t’ (curves No. 4&5) and obtained straight lines for all electrolytes excepting oxalic and 
tartaric acids. The values of the critical stability concentration, ‘a’, determined experi- 
mentally, and also from the ‘c’ and ‘1/t’ curves were found to be nearly equal and 
were used to plot 1/(c—a) against ‘t’. The dilution effect is normal for the electrolytes 
studied, the precipitating concentrations decreasing gradually with the dilution of the sol. 

Thanks of the authors are due to Dr. S.S Deshapande for his kind interest in the 
work. 


CHEMICAL LABORATORIES, Received November 20, 1951 
AGRA COLLEGE, AGRA. 








| Jour, Indian Chem. Soc., Vol, 29, No. 9, 1952] 


APPLICATION OF MIXTURE LAW TO RHEOCHOR OF 
TERNARY MIXTURES 


By W. V. BHAGwWaTt AND M. V. SvBNis 


Mixture law is found to be applicable to ternary mixtures over the entire range of molar concentra- 
tion. Systems investigated are: (1) benzene in toluene and carbon tetrachloride, ethyl alcohol and 
methy] alcohol, teluene and ethyl alcohol, methyi alcohol and toluene; (2) ethyl alcohol in benzene and 
toluene, methyl alcohol and benzene and in methy] alcohol and acetone 


Subnis and Bhagwat (this Journal, 1951, 28, 275) attempted to see how far the 
mixture law was applicable to the rheochor of ternary mixtures. The work has now been 
extended to various ternary mixtures. The systems chosen herein all consist of 
liquids, associated and non-associated. In order to be able to know the exact extent of 
application the law has been studied over the whole range of concentration, that is from 
zero molar fraction to molar fraction equal to one. Results therefore over the whole 
range have been submitted. This study over the whole range is necessary to plot a 
graph and see whether the straight line mixture law is applicable in case the simple mix- 
ture law is inapplicable. Rheochor is known to approach the theoretical value in 
case of pure liquids as the temperature is increased. The law therefore has been 
studied at different temperatures for the same mixture. In case of a ternary mixture, 
the rheochor of the solution Rm is given by 


Rm = (1—x-y) R-—xR:—yRy 


where Rx, Ry and R are the rheochors of the solute and the two solvents respectively 
and x, y and ‘1 -x—y, are their molar fractions. Ry» is given by 


a 


Ry = Mm 


D 


where » is the viscosity of the solution whose density is D. The mean molecular weight 
Mz of the solution is given by 


Mm =(1-x—y) M—xMx—yMy 
where Mx, My and M are the molecular weights of the solute and the two solvents 
respectively. The results are recorded below. 
Rheochor of Benzene 
TABLE I 
Benzene-toluene-carbon tetrachloride systeim. 
(I—x—y), Mm. Dm. 7 X 103, 
Temp-=35°. 


0.0688 94.34 0.9046 
0.2629 102.20 1.0580 
0.2121 95-97 1.0220 
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TABLE I (cond.) 
Temp. =45°. 

y. (1—~—y) Mm. Dm . 
0.7929 0.0688 94-34 0.8976 
0.2995 0.2629 102.20 1.0420 
0.1305 0.2121 95-97 1.0120 

Temp.=55°. 
0.0688 94-34 0.8923 
102.20 1.0340 
95-97 1.0050 


TABLE II 


Benzene-ethy] alcohol-methy] aicohol system. 
(1-—x—y). Mn. Dm. n X103. 

Temp. =35°. 

0.1782 0.7656 37-07 0.8021 

0.3217 0.3897 49.87 0.8266 

0.1933 0.1840 63.55 0.8507 
Temp. = 45°. 

0.1782 0.7656 37-07 0.7918 

0.3217 0.4771 49-82 0.8183 

0.1933 01840 63.55 0.8409 
Temp.=55°. 


0.1782 0.7656 37-07 0-7875 
0.3217 0.3897 49.82 0.8114 
0.1933 0,1840 63.55 0.8328 


TABLE III 


Benzene-methy] alcohol-toluene system. 


(1-x—-y). Mm. Dm. 7X 103, 
Temp. =35°. 


0.0514 0.7563 O+1923 45.88 0.8243 
0.3595 0.3020 0.3385 68.84 0.8527 
0.7025 0.1506 0.1467 73-10 0.8618 


Temp.=45°. 
0.7563 0.1925 45.88 0.8136 
0.3020 0.3385 68.84 0.8422 
0+1506 0.1467 73.10 o 8511 

Temp.=55°. 
0.0514 0.7563 0.1923 45.88 0.8048 
0.3595 0.3020 0.3385 68.84 0.8368 
© 7025 0.1506 0.1467 73-10 0.8455 





RHEOCHCR OF TERNARY MIXTURES 
TABLE IV 
Benzene-ethyl alcohol-toluene system. 
(1-x—y). Mn. Dm. nX 103. 
Temp. =35°. 


90-7930 54-45 0.8247 
0.27 74.50 0.8531 
062524 7I 20 0.8549 


Temp. =45°. 


0.1301 54.45 0.8172 84.04 
0,3794 74.50 0.8422 107.9 
0.0905 71.20 0.8441 102.6 


Temep.=55°. 


0.0768 54.45 0.8110 
0.3444 74-50 0.8350 
0.6572 71.20 0.8377 


Rheochor of Ethyl Alcohol 


TABLE V 


Ethyl alcohol-methyl alcohol-acetone system. 


(1-%-y). Mn. Dm. 7X 103, 
Temp. =35°. 


35-16 0.7916 
43.81 0.7968 
47.01 0.7997 


Temp.=45°. 


0.0771 35-16 0.7832 
0.2586 43.81 0.7905 
0.2328 47.01 0.7921 


Temp.=55°. 


35.16 0.7784 
43.81 0.7814 


7.01 0.7857 
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Taste VI 
Ethyl alcohol. benzene-toluene system. 
(1-x-y). Mm. Dm. nx 108, 


Temp.=35°. 
0.1359 0.7114 83.24 0.8521 5.20 
0.1998 0.2209 62.55 0.8358 6 31 
0.0768 0-13C1 54 45 0.8247 7.86 
Temp.=45°. 


0 1359 0.7114 83.24 0.8437 
0.1998 0.2209 0.8260 


2.55 
o 0768 0.1301 54.45 0.8172 


Temp. =55°. 
0.1359 0.7114 83.24 0.8371 
0.1998 0 2209 62.55 0.8196 
0.0768 0.1301 54.45 0.8110 


TABLE VII 


Ethyl alcohol-benzene-methyl alcohol system. 
(1-x-y). Mn. Dm. nx 103, ° Rx. 
Temp. =35°. 
0.1782 0.0560 o 7656 37.07 0 8021 5.91 a 74.6 


© 3713 0.1342 0.4944 13 37 0.8141 6.39 74.2 
0.5989 0.0682 © 3328 43-51 0.8087 7.29 : 74.6 


Temp.=45°. 


0.1782 0.0560 0.7656 37.07 0.7918 5-01 73-2 
0.3713 0.1342 © 4944 43.37 0.8041 5.2 73.1 
0.5989 0.0682 © 3328 43-51 0.7979 5: . 73.6 


Temp =55 


0.1782 0 0560 0.7656 37-07 0.1875 4.67 5 72.3 
0.3713 0.1342 0.4944 43 37 © 7989 4.88 66. 72.5 
0.5989 0.0682 0.3328 43-51 0.7939 :.48 "7 73.1 


Rheochor of benzene was determined in ternary systems consisting of toluene and 
carbon tetrachloride, ethyl alcohol and methyl alcohol, and toluene and ethyl alcohol, 
and methyl alcohol and toluene In all cases the mixture law seems to be applicable 
over the entire range of molar fraction of benzene. ‘The value of pure liquid as observed 
is 110.8. The values obtained in mixtures are practically the same. At low molar 
fraction a slight variation is observed which may be due to experimental error since as 
the value of x falls, the evror is multiplied much more in calculating Rx. The tempera- 
ture variation does not seem to have appreciable influence on the rheochor value, 
although the value falls slightly with temperature. 

Rheochor of ethyl alcohol was investigated in ternary systems consisting of benzene 
and toluene, methyl alcohol and benzene, and in methyl alcohol and acetone. Here 
again the mixture law seems to be applicable at ali temperatures and for all molar 
fractions extending from zero to one. ‘The value for the pure liquid agrees with the 
value calculated from ternary mixtures. Asin the case of benzene, the values show 
slight deviation at lower molar fractions. 
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POSSIBLE ANTITUBERCULOUS COMPOUNDS. PART I. PREPARATION 
OF ACYL DIPHENYLYLAMIDINES 


By Vinay S. MISRA AND MAHESHWARI P. KHARE 


With a view to increasing the lipoid solubility and surface area of N-4-diphenylylamidines, 
compounds of known antitubercular activity, a scries of 4’-aceto-N-4-diphenylylamidines have been 
prepared, 


It has beer reported by Erlenmeyer et al. (Helv. Chim. Acta, 1947, 30, 2058) 
that 4-aminodiphenyl, when tested in vitro, exhibits strong antitubercular activity which 
is attributed to its lipophilic nature, flat surface and the presence of the basic amino 
group. ‘These are the necessary conditions for a possible potent antitubercular com- 
pound as envisaged by Robinson (J. Chem. Soc., 1940, 505). 

Taking this into consideration, Bauer and Cymerman (ibid., 1950, 1826) tried to 
increase the basic strength and the lipoid solubility of 4-aminodiphenyl by preparing 
several substituted N-4-diphenylylamidines by a reaction between 4-diphenylylammonium 
salt and a series of cyanides (both aliphatic and aromatic). They followed the elegant 
method of Oxley and Short (ibid., 1946, 147) for the preparation of these amidines. 

We have in this paper tried to increase the lipoid solubility and surface area, since 
adsorption is an important factor in biological system, by introducing the acetyl group 
(lipoid soluble) in the 4’-position of the diphenyl (4-aminodiphenyl) and then preparing 
a series of amidines. 

The 4°-aceto-4-aminodiphenyl has only been summarily referred to in the literature. 
A German patent (A.G. Fr. 735,846-April 22, 1932) describes its preparation from 
4’-aceto-4-nitrodiphenyl, but no details are given except its melting point. 


We applied the Friedel-Crafts ketone synthesis for introducing the acetyl group, 
thus the parent 4-aminodipheny] after acetylation affording in good yield the 4’-aceto- 
4-diacetaminodipheny!] (II) 


deal pamenee CH;COCI+ AIC], 
¢g y-¢ S—NH.CO.Me ——————> 
= == in nitrobenzene 


mecu-€__S—€_S-n¢ 


(I) (II) 


CO.Me 


CO.Me 


instead of the expected product 4’-aceto-4-acetaminodiphenyl. It was envisaged that 
during the Friedel-Crafts synthesis further acetylation of the 4-acetamino group had 
taken place. This was confirmed by the nitrogen estimation of 4’-aceto-4-diacetamino- 
diphenyl and its 2: 4-dinitrophenylhydrazone. The fact that diacetylation did not 
take place in the formation of (I) was confirmed by its nitrogen estimation. 
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After deacetylation with hot concentrated hydrochloric acid, the 4’-aceto-4-amino- 
diphenyl was converted into 4’-aceto-4-diphenylammonium benzene sulphonate by 
adopting the method of Bauer and Cymerman (loc. cit.). 

This benzene sulphonate on heating with six different aromatic nitriles, and adopting 
the usual technique afforded the amidine-benzene sulphonates. Curiously enough, the 
amidine-benzene sulphonates were insoluble in most of the solvents and could not be 
therefore recrystallised but were obtained in a powdery state free from adhering nitrile by 
repeated refluxing with ether. The benzene sulphonates were subsequently converted 
into the amidines by the usual process of basification and isolation. The amidines were 
recrystallised from chloroform and petroleum ether. 

Work is in progress for the preparation of higher acyl diphenylylamidines and 
their derivatives. ; 

EXPERIMENTAL 


4-Acetaminodiphenyl was prepared by following the method of Heusler (Annalen, 
1890, 260, 234) as colorless crystals (in alcohol) in 90% yield, m.p. 171° ‘lit. m.p. 171°). 

4’-Aceto-4-diacetaminodiphenyl.—Powdered anhydrous aluminium chloride (17g., 
2.5 mol.) and dry nitrobenzene (50 c.c.) were taken in a three-necked flask fitted with a 
mercury sealed mechanical stirrer, a condenser with a calcium chloride tube and a dropp- 
ing funnel. To the stirred mass 4-acetaminodiphenyl (7 g., 1 mol., was added and then 
acetyl chloride (10 g., 2.5 mol.} dropwise under cooling. ‘The temperature of the external 
bath was gradually raised to 50° and the mixture stirred for 4 hours at this tempera- 
ture. After the evolution of hydrogen chloride had ceased, the whole mass was added 
to crushed ice and left overnight. The nitrobenzene was removed by steam distillation. 
The residue, a granular solid, was recrystallised from glacial acetic acid, yield 85% of 
theory (7 g.), m.p. 213-15°. (Found: N, 4.13. C,sH,;,O,N requires N, 4.71 per cent). 

2:4-Dinitrophenylhydrazone of the above was recrystallised from nitrobenzene as a 
red powder, m.p. 287-88°. (Found: N, 15.20. C.,H2,0.N; requires N, 14.73 per cent). 

4’-Aceto-4-aminodiphenyl was prepared by hydrolysing the 4’-aceto-4-diacetamino- 
diphenyl (4 g.) with 20 c.c. of conc. hydrochloric acid and refluxing for 2 hours. The 
product ‘sparingly soluble hydrochloride) was neutralised with aqueous sodium carbonate 
solution when a black mass was obtained, which on recrystallisation from 90% alcohol 
or chloroform-ether gave a pale yellow powder, m.p. 174°, yield"75% of theory (2.5 g.) 
(A. G. Fr. 735, 846 April 22, 1932 report m.p. 174°). 

The hydrochloride was recrystallised from hot water as a pale yellow powder, m.p. 
above 300°. (Found: N, 5.11. C,4H,,ONCI requires N, 5.65 per cent). 

‘The 2:4-dinitrophenylhydrazone was recrystallised from nitrobenzene as a crimson 
powder, m.p. 252°. (Found: N, 17.89. C2oH,,O,N; requires’N, 17.87 per cent). 

4’-Aceto-4-diphenylylammonium-benzene sulphonate (A).—4’-Aceto-4-aminodiphen- 
yl (5 g-, 1 moi.) was stirred in 200 c.c. of ether and benzene sulphonic; acid (4 g., 
1 mol.), dissolved in methanol, was added slowly with shaking. A brown solid séparated 
out which was filtered and dried and recrystallised from hot water asa yellow powder, 
m.p. 237-38°, yield 58% of theory (5 g.). (Found: N, 4.35. CooH,s0,NS requires N, 3.80 
per cent) 
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4'-Aceto-N-4-diphenylylbenzamidine.—The above compound (A) (4.5 g.) was mixed 
with 5c. c. of benzonitrile (excess) in a roo c.c. r.b. flask fitted with a reflux condenser 
and a gas absorption tower and the mixture was heated at 225°-230° (external bath 
temperature) for 44 hours. The contents were then cooled and triturated with boiling 
ether when a brown powder was obtained which failed to be recrystallised from water, 
methyl alcohol, ethyl alcohol, isopropyl alcohol, chloroform, acetic acid, ligroin and 
nitrobenzene, m.p. above 280°, yield 53% of theory (3 g.). 

This amidine-benzene sulphonate (2.5 g.) was suspended in water and an excess of 
5N-sodium hydroxide was added to it and the mixture stirred for 6 hours. The amidine 
so obtained was filtered and recrystallised from chloroform-petrol ether to give a yellow 
powder, m.p. 228-30°, yield 46% of theory. (found: N, 8.28. C,,H,,ON, requires N, 
8.9 per cent). 

4'-Aceto-N-4-diphenylyi-o-tolylamidine was obtained in a similar way by heating 
(A, 3.5 g.) with o-tolylnitrile (4.5 g., excess) for 44 hours at 225°-230° and liberating 
the amidine as a yellow amorphous powder, m.p. 205-10°, yield 35% of theory. (Found: 
N, 8.0. Cz2:H2.ON, requires N, 8.53 per cent). 

4'-Aceto-N-4-diphenylyl-m-tolylamidine was obtained by heating under reflux 
for 4 hours at 220° the compound (A, 3g.) and wm-tolylnitrile (5 g., excess) as a 
brown solid, m.p. 182-85°, yield 38% of theory. (Found: N, 7.98. C..H.,ON, requires 
N, 8.53 per cent). 

4’-Aceto-N 4-diphenylyi-p-tolylamidine was obtained similarly by refluxing (A, 3 g.) 
and p-tolylnitrile (3g.) at 225°-230° for 5 hours as a pale yellow powder, m.p. 188-92°, 
yield 53% of theory. (Found: N, 7.96. C.,H.,ON, requires N, 8.53 per cent). 

4’-Aceto-N-4-diphenylyl-3 : 4-xylylamidine was prepared by refluxing a mixture 
of (A, 3 g.) and 3:4-xylonitrile (5 g.) at 215°-220° for 4 hours as an orange-yellow solid. 
The amidine was liberated iu the usual way, m.p. above 300°, yield 35% of theory. 
(Found: N, 7.64. C2.;H.,ON, requires N, 8.18 per cent). 

4’-Aceto-N-4-diphenylyl-p-anisoylamidine was obtained similarly from (A, 2g.) and 
p-anisonitrile (3.5 g.) and heated under reflux for 6 hours at 225°-230°. The amidine 
obtained in the usual manner melted at 155-60°, yield 30% of theory. ‘Found: N, 
7.80. C22H»O,N, requires N, 8.13 per cent). 

One of the authors ‘M. P. Khare) is indebted to the Lucknow University for the 
award of a fellowship. ‘The authors are thankful to Dr. A. B. Sen for his kind interest 
in the work. 

DEPARTMENT OF CHEMISTRY, Received December 13, 1951. 
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CONDENSATION OF ALDEHYDES WITH MALONIC ACID. PART XXVI. 
CONDENSATION OF p-HYDROXYBENZALDEHYDE AND ITS 
3-CHLORO, 3-BROMO, 3:5-DICHLORO, 3:5-DIBROMO AND 
3:5-DI-IODO DERIVATIVES 


By KantiLtat C. PANDYA AND RAGHU NATH SINGH 


The condensation of p-hydroxybenzaldehyde and of five of its halogenated derivatives with malonic 
acid in the presence of 0 16 mol. proportion of pyridine, and of a few other condensing agents has been 
studied. The yield in all cases is generally greater with pyridine, and usually greater in the case of 
p-hydroxy benzaldehyde and its derivatives than in the case of the salicylaldehyde though less than that 
in the case of m-hydroxybenzaldehyde. Haiogenation generally increased the yield which sometimes 
reached the quantitative. The halogenated aldehydes afforded the dibasic acids which are all new, while 
the unhalogenated aldehyde gave only the monobasic cinuamic acid. 


Condensation of p-hydroxybenzaldehyde with malonic acid has already been reported 
by Pandya and Vahidy (Proc. Ind. Acad. Sci., 1936, 4A, 140). This work has been now 
repeated, confirmed and extended under other conditions as well as with five of its halo- 
genated derivative. Unlike benzaldehyde (Stuart, J. Chem. Soc., 1888, 58, 142), salicyl- 
aldehyde (this Journal, 1952, 29, 525) and m-hydroxybenzaldehyde ‘ibid., 1952, 29, 363) 
the p-hydroxybenzaldehyde did not give the dibasic benzylidene-malonic acid analogue, 
when the condensation was carried out in the persence of glacial acetic acid. 
Vorsatz’s method (J. prakt. Chem., 1936, 145, 265) alone gave what appeared to be an 
inseparable mixture of the mono and the dibasic acids. 


The influence. of the halogen in these condensations in increasing the yield has 
already been referred toin Part XXIV ‘loc. cit.). The same was expected here, but as 
the higher melting points of the aldehydes in the para series as well as their increased 
insolubility did not pefmit the reaction to proceed to the full extent under the ordinary 
conditions of the reaction ‘i.e. water-bath or slightly higher temperrture), it was found 


TABLE I 

Products. Yield. 
p-Hydroxycinnamic acid 64% with pyridine 
3-Chloro-4-hydroxybenzylidene-malonic acid 57 »» ; 66% (Vorsatz) 
3 :§-Dichloro-4-hydroxybenzylidene-malonic acid 75 - 
3-Bromo-4-hydroxvbenzylidene-inalonic acid 75 » ; crude, 90% 
3 :5-Dibromo-4-hydroxybenzylidene-malonic acid 87 a 100% 
3 :5-Di-iodo-4-hydroxybenzylidene-malonic acid 81 a te *» 


All the acids, except the first, are new and prepared for the first time. 
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necessary to add some absolute alcohol when very good yields were obtained. ‘There 
seemed to be a slight reaction between the aldehyde and the alcohol in the presence of 
the basic catalyst, as shown by a slight colour and by the formation of a resin. The 
products from the halogenated derivatives of the aldehydes were always the dibasic 
benzylidene-malonic acids with high melting points. These, again, did not pass into the 
corresponding monobasic acids by the usual methods. ‘The maximum yields obtained in 
the case of the condensations of the dibromo and the di-iodo derivatives of p-hydroxy- 


benzaldehyde were mostly quantitative. 


EXPERIMENTAL 


The aldehyde derivatives were obtained according to standard methods, the yields 
ranging between 52% and 70%. 

Condensation of p-Hydroxybenzaldehye.—Pandya and Vahidy’s experiments 
(loc.cit.) were repeated and their results were reproduced. Also with 2 mols. of 
malonic acid (instead of one) the sam2 p-hydroxycinnamic acid was obtained in the 
same yield without any other side-product. Vorsatz’s method (loc. cit.) gave a white 
crystalline product, meiting with effervescence between 200° and 215°. The origina! 
monobasic acid melted at 206-207°. Attempts at further purification did not succeed 
but analysis showed these to be a mixture. (Found : Equiv., 130.5. ‘lhe monobasic 
acid C,H,O; requires equiv., 164; the dibasic acid C,,~H,©,; requires equiv., 104). 

Pandya and Miss Pandya (loc. cit.) showed that (i) pure monobasic 
p-hydroxycinnamic acid also melted with effervescence (not noticed earlier) and (ii) 
condensations of the same aldehyde in the presence of glacial acetic acid (Stuart, loc. cit.) 
as well as without any condensing agent failed to give the pure dibasic acid. 

Condensation of 3-Chloro-4-hydroxybenzaldehyde.—To the usual reacting mixture 
(1:1 :0.16 mol.) were added 10 c.c. of absolute alcohol, and the whole was heated on a 
water-bath for 6-10 hours (different samples). The usual further treatment gave, 
from all, the same yield of the same yellow product that, after recrystallisation from 
alcohol,-melted at 180-82° with effervescence. Analysis showed it to be 3-chloro-4- 
hydroxybenzylidene malonic acid. [Found: Equiv., by alkaline titration, 121.3; Cl 
14.44. C,,H,O;Cl requires equiv., 121.25; Cl, 14.64 per cent]. The yield was 57%. 
Vorsatz's method (4 months) (loc. cit.) and Robinson and Shinoda’s method (J. Chem. 
Soc, 1925, 1977) gave 66% and 0% respectively. There was no condensation in absence 
of any condensing agent. 

Condensation of 3:5-Dichloro-4-hydroaybenzaldehyde.—This was repeated in the 
same way as above. The white product that came out was recrystallised from glacial 
acetic acid in white flakes, m.p. 238-39°, and soluble also in ether and alcohol. It 
was 3:5-dichioro-4-hydroxybenzylidene-malonic acid. (Found: Equiv., 138.6 ; Cl 25.59. 
C,,H,O;Cl, requires equiv., 138.5 ; Cl, 25.63 per cent). The yield was 75.3%. 

Vorsatz’s method (loc.cit.) (9 weeks) gave a 44% yield. Sodium ethoxide at room 
temperature ‘7 weeks) gave 22%. In absence of any condensing agent 20% yield was 
obtained, while no condensation took place when Stuart's method ‘loc.cit.) was used. 
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Condensation of 3-Bromo-4-hydroxybenzaldehyde.—Eight hours’ heating with 
pyridine on a water-bath, the usual reactants, without alcohol, gave the 3-bromo-4- 
hydroxybenzylidene-malonic acid which after recrystallisation (alcohol), melted with 
effervescence at 190-92°, soluble in ether and alcohol. (Found : Equiv., 143.5; Br, 27.7. 
C,oH,O;Br requires equiv., 143.5; Cl, 27.8 percent). The yield was only 56%, but 
increased to 64.5% (heating at 100°-105°), and to 75% (at 105°-110°, for eight hours). 
The yield of the crude acid was 90%. Vorsatz’s method (three months, /oc.cit.) gave 
71.4% of the pure acid, while Robinson and Shinoda’s method (loc. cit.) gave an acid 
melting with effervescence between 180° and 190°, which was a mixture of the mono 
and the dibasic acids. (Found: Equiv., 186.6. The dibasic acid requires equiv., 143.5; 
the monobasic C,H,O,Br requires equiv., 243). 

Condensalion of 3:5-Dibromo-4-hydroxybenzaldehyde.—Heating for about 8 hours 
the usual reacting mixture with 15 c.c. of absolute alcohol gave a white product which 
after recrystallisation (glacial acetic acid) gave white needles of 3:5-dibromo- 
4-hydroxybenzylidene-imalonic acid melting at 236-235° with effervescence. (Found: 
Equiv., 183.13 Br 43.6. C,oH,O;Br, requires equiv., 183.0; Br, 43.7 per cent). 
The yield was 87% (crude 100%). Vorsatz’s method gave {3 months) 73% yield (crude 
100%). When no condensing agent was used the yield was only 16%. 

Condensation of 3:5-Di-iodo-4-hydroxybenzaldehyde.—The usual reacting mixture 
containing 10 c.c. of absolute alcohol and heating it on a water-bath for 10-12 hours gave 
a yellow product, with the usual treatment, which started melting at 230° with de- 
composition and with evolution of iodine vapours at 238°. On recrystallisation 
(alcohol) the acid started decomposing and evolving iodine vapours at 238°, melting 
completely 252°. It was 3:5-di-iodo-4-hydroxybenzylidene-malonic acid, soluble in ether, 
alcohol and glacial acetic acid. (Found : Equiv., 229.8; I, 55.4. C,ioH.OsI, requires 
equiv., 230.0 ; 1, 55.2 per cent). The yield was 81.3% (crude acid, 100%). Using 3 
mols. instead of 2° of malonic acid made no difference nor gave any other 
product. Vorsatz’s and Robinson and Shinoda’s methods gave no yield, nor was any- 
thing isolated in absence of any condensing agent. 
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PARACHOR OF IONS. PART II 


By W. V. Buacwat, R. P. SHUKLA AND M. M. Gupta 
It is shown that since strong electrolytes ionise completely, a corrected formula 


aA+bul yqt - b P, 
ad a 


Px=( 
will have to be used. Parachors of several salts have been determined and shown to be practically 
It is established from these results that Kohlrausch law of mobilities 


constant in concentrated solutions. 
Intr. ducing the idea 


of ions is applicable to“parachor and that parachor of ions is an additive property 

of isosters, as suggested by Langmuir, the parachor of K*=Cl’=argon and parachor of Na’=neon=F". 
The parachors of argon and neon are known experimentally and hence the parachors of KC], NaCl and 
KF are predicated. This comes out to be exactly equal to the parachor ob-erved experimentally for those 
electrolytes. The parachor of individual ions has been calculated. 


In a previous paper ‘this Journal, 1949, 26, 39) an attempt was made to calculate 
the parachor of ions. In these calculations authors have introduced the conception of 
the degree of ionisation of electrolytes and have made corrections for viscosity. The 
The electrolytes used are strong ones and it is now an 
In this paper therefore we have discarded 
The mixture therefore now 


procedure is not correct. 
established fact that they ionise completely. 
the idea of incomplete ionisation of these electrolytes. 
contains the solvent and the two ions, and is therefore ternary in nature. ‘The ex- 
pression 

— Pm — {(1-—x) Pp + (1—*). xP} 


P,+P 
ZX 


’ 


used by previous authors, was on the basis of quaternary mixture of the salt and the 
solvent. However, whether the solution is treated as a binary mixture or a ternary mixture, 


we get the same equation for the parachor of the salt. 
Let ‘a’ and ‘b’ b>: the number of molecules of the salt and water respectively, then 


by the mixture idea x=a/a+b and 1-x=b/a+b, 

where ‘x’ has the usual meaning. The mean molecular weight M» will be given by 
Mm = (1-—x)W+xA, where W and A are the molecular weights of water and electrolyte 
respectively. Hence, by substituting the value of x, we get 


Mn =—*-.. At b 


: .W 
a+b a+b 


Hence , the parachor of the mixture 


a b > oe 
m @i — At W : [a 
, a+b a+b h 


where y is the surface tension of the mixture. But Pm =(1-1)Pp+xPx by Hammic and 


Andrew’s law. 
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aA+bW.,_b : P, eee (1) 


O P, = 
Fe . a.d a 


If we take the idea of ternary mixture, ‘a’ splits into 2a because of the complete 
inonisation. We have 





x=y=—*— and (1-x-y)= ds 
“ 2at+b : 2at+b 
o b , a 
Hence, Mm = - W + A 
2a+b 2a+b 
and Pm =(. b © W + $ ‘ A)y: d 
2a+b 2a+b 
a ai+bW |, _ P 


a.d a 


We have used this equation in determining Px, the parachor of the salt. The 
equation (1) is discarded because it contains *. If we put *=1, that is introduce the 
idea of complete ionisation, the equation becomes identical with that derived by us. 
Surface tension was determined according to the method given in our previous paper ‘this 
Journal, 1942, 19, 149). The constancy of parachor values may be due to the solution 
being concentrated as observed by Ray (ibid., 1938, 15, 43). 


TABLE I 
Molar Temp. 4d. ¥. Pm. Px. Molar Temp. d, ¥. Pm. Px. 
fraction fraction 
(x). (x). 
LiCl. NaCl. 


0.1356 21.0 1.147 87.9 56.89 86.1 0058223 302° 1.1244 793 51110 80.0 


0.1441 205° £161 845 56.22 79.5 0070355 30.9° 1.1503 788 50.640 79.1 
0.1555 20.5° 1.172 928 5775 87.3 0.081170 30.9" 1.1733 79.4 50.483 79.4 
0.1849 20.5° 1.207 94.6 58 19 84.2 Mean 79 63 
0.2352 ws 868 aes 99.1 59.78 8410 
Mean 85.7 
KCl. NH,Cl. 


-I132, 75-7 550-757, 1990 0.058721 25.9° 1.0449 728 53.209 1200 


os 


0.047610 31.6° 


_ 


-1384 77-7 52.793 108.9 0.076509 25.3° 1.0583 73.9 53.602 121.5 


= 


0.058816 31.6° 


0 058843 328° 1.1384 78.6 52.749 108.1 0.085610 26.0 1.0728 75-7 53-625 119. 


° 


0.062188 32.3° 1468 779 52.848 109.7 0.093175 25.3 1.0708 74.0 53.778 120.5 


_ 


2.070894 32.3° 1.1671 76.6 52.840 100.1 Mean 120 
Mean 108.94 





(1) 


te 


ie 


IS 


Molar frac- ‘Temp 
tion (x). 
0,05283 20.5° 
0.07380 21.5° 
0.09950 21.5° 
0.056637 32.5° 
0 0§66%98 31 4° 
0.059855  31.6° 
0.074371 316° 
Molar frac- Temp. 
tion (x) 
0.027638  29,9° 
0.033506  30.1° 
0.042647 30.5° 
Molar frac- Temp. 
tion (x). 
0.072997 31.0° 
0.082889  29.9° 
0.087741 29.9° 
0.092683 31 10° 
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Molar fraction (x). 





0.1142 
0.1424 
0.1442 
0.1453 
0.1536 
0-1554 


TABLE II 
d. ¥- Pm Px. Molar frac- 
tion (x). 
LiBr. 
1.157 71.5 54.39 921 0.947022 
1.221 72.8 55.25 87.9 0.052012 
1 284° 72.1 56.37 93-0 0.056377 
Mean 91 03 
KBr. 
1.2497 760 53.635 124.0 0.08845 
1.2288 69.0 53.545 122.2 0.09750 
1.2639 75.8 53.643 1230 0.09830 
1.3369 72.2 53852 122 0.10020 
Mean 122.94 
TABLE III 
d. ¥. Pm . Px. Molar frac- 
tion (x). 
Nal 
1.1460 66.3 82.669 108.9 0.055438 
1.1923 68.7 52.712 108.8 0.06853 4 
1.2140 61.4 52.733 109.0 0.079142 
Mean 108.90 
TABLE IV 
d. ¥. Pm Ps. Molar frac- 
tion (x). 
NaNQ;. 
1.2064 77-6 53101 1124 0.048943 
1.2357. 78.9 53.203 i127 0.052591 
1.2471 77-7 53-097 111.9 0.059470 
1.2615 788 53669 1130 0.059621 
Mean 112.57 
TABLE V 
NH,NOs3. 
Temp. d, y- 
20.0° 1.157 76.21 
20.5° 1.187 76.5 
21.0° 1.187. 76.0 
21.0° I 190 75°5 
20.0° 1.197 77-0 


Temp. 


29 9° 
31.1° 
32.3° 


20.5° 
20 5° 
20 5 


20.5° 


31 0° 
31.0° 
32-3° 


Temp. 


29.7° 
| 

29 7 

30.0° 


30 0° 


d. ¥- 
NaBr. 
1.1896 73.5 
1.2014 715 
1.2268 743.2 
NH,Br. 
1.228 75,8 
1.247 72.4 
1.248 73-5 
1.254 74.0 
d. 7. 
KI. 
1.3366 74.0 
1.4214 70.0 
1.5262 69.2 
d, Y. 
KNO3,. 
1.1455 74.2 
1.1644 76.6 
1.1838 76.4 
1 1833 76.8 
Pm. 
64.03 
66.82 
67.01 
66.95 
68.10 


Pm ’ 


§2.065 
51 989 
51.943 
Mean 


60.26 
60.39 
60 67 
60.84 


Mean 


Pm. 


54-397 
54-786 
53-450 

Mean 137.63 


Pm. 


54.268 
54-439 
54.625 
54-733 


138.35 
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Px. 


94 5 
93-8 
94.0 

94 117 


139.3 
136.6 
138.7 
138.8 


Px. 


138.1 
137-5 
136.9 


Px. 


139 8 
140.6 
139.6 
141.4 


Mean 140.38 







Px. 


155.0 
154-3 
155-1 
153.8 
153.3 
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Molar frac- 
tion (x). 


0,0467 
0.0557 
0.0807 


0.1509 
0.1721 
0.2024 
0.2221 
0.2482 


W. V. BHAGWAT, R. P. 


TABLE VI 
Temp. d. Pm. Px. Molar frac- 
tion (x). 
(NH,4)2SO,. 
20.6° 1,151 840 61.35 246.5 0.1634 
22.0° 1.170 84.0 62.96 244.0 0 1784 
22.0° 1.222 87.4 68.16 2485 0.1919 
Mean 246.3 0 1930 
0.2434 
CH;CO¢ INH, 
20.0° 1.076 602 70.52 173.2 0.1924 
200° 1089 6(4 73.01 172.9 0.1240 
20.0° 1.085 58.8 7647 1716 
20.0° 1.089 58.2 7886 1723 
20,0° 1.093 606 81.21 168.8 
Mean 171.5 


SHUKLA AND M. 


Temp 


19.5 
19.5 
19.0° 
19.0° 
Ig 0° 


20.0° 
19.6° 


M. GUPTA 
d Y Pin Px. 

CH,COOK 
1 286 €34 68.10 149.1 
I 295 62.4 7013 152.4 
1.308 62.8 71.76 154.0 
I.3tr 64.3 7226 1558 
1350 617 77.80 149.5 
Mean 152.16 

NaF. 

1.021 750 5§2.60 51.7 
1 026 75.0 5268 500 
Mean 50 82 


In the following table Kohlrausch’s method is used to show that the additive law is 
applicable to the parach cr of ions. 


Thus, 


Salt 1. 
KCl 
KBr 
KI 
NH,Cl 
NH,Br 
NH,NO; 
NH,Ci 
NH,Br 
NH,NO; 
KBr 
NaBr 
NH ,Br 


Ps,=parachor of salt 1 and Ps,=parachor 


Salt 2. 
NaCl 
NaBr 
Nal 
NaNO; 
KCi 
KBr 
KNO; 
NaCl 
NaBr 
NaNO, 
KCl 
NaCl 
NH,C] 


Pyaci — Pxci = Pnabr— Pxsr- 


TABLE VII 


Ps,— Ps. 
29.4 K*—Na’ 
28 9 

28.54 

278 

11.6 NH,—K’° 
15-5 

120 

409 NH,y-—Na 
44.2 

399 

14.15 Br’'—Cr 
14.62 

179 


Salt 1. 


Nal 

KI 

Nal 

KI 
KNO; 
NaNO; 
NH 4NO; 
KNO, ® 
NaNO; 
NH,NO; 
KNO; 
NaNO 


of salt 2. 


Salt 2 


NaPr 
KBr 
NaCl 
KCi 
KCl 
NaCl 
NH,Cl 
KBr 
NaBr 
NH,Br 
KI 
Nal 


Ps,.— Ps. 
1488 I'—Br’ 
14.88 
28.5 I’-Cr 
28 64 
31.41 NO;’—Cl 
33.33 
31 90 
1755 NO;-Br 
18 €8 
1405 

2.82 NO,’-T’ 
3 81 


The volume measured by the parachor is regarded as being directly and simply 
related to the actual dimensions of the molecules or atoms concerned (Sugden, J. Chem. 
Soc., 1925, 1955) for finding the parachor of ions. Thus, the parachor values of the 
ions of the halogens may be the same as atomic parachor of rare gases which follow them 
in the periodic table and the parachor values of ions of alkali metals may be equal to 
the atomic parachor of rare gases which precede them, provided their surface tensions 


are the same. 
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Thus, the parachor of KCl in water (parachor of K'+Cl’ ions) may be the same as 
twice the parachor of argon, and that of NaCl may be the same asthe sum of the 
parachor values of neon and argon, while the parachor of NaF may be twice that of 
neon. The surface tension and densities of these two rare gases have been determined 
(cf. Urk, Keeson and Highoff Comm. Leiden, 1925, 172b; Baly and Donnan, J. Chem. 
Soc., 1902, 81, 907) and parachor of neon is 25 and of argon 54. From the above results 
the parachor values of NaCl, KCI and NaF will be 25.0+54.0=79.00, 54.0+54.0=108.0 
and 25.0 X 2=50.0 respectively. The values as determined by us in solution using water 
as the solvent are 79.60, 108.9 and 50.82 respectively. Thus, we find an excellent 
argeement between the two. 

Hence, the parachor value of K* ion and Cl’ ion is 54.0 and that of sodium ion and 
fluoride ion is 25.0. Thus, we have found out the value of parachor of ions as given 
below. 


TasLe VIII 


Ion. Parachor. Ton. Parachor. Ton. Parachor. Ion. Parachor. 
K* 540 Na’ 25.0 Li’ 31.2 NH4 66.5 
F’ 25.0 cl’ 540 Br’ 69-94 4 83.75 
NO;’ 86.75 SO,’ 179.8 CH ,COO’ 101.63 

CHEMISTRY DEPARTMENT, Received June 8, 1951. 
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RHEOCHOR OF BINARY MIXTURES 


By H. G. SILAWAT AND W. V. BHAGWAT 


Mixture law is applicable in the case of rheochor of binary systems of chloroform-ethyl alcohol, 


benzene ethy! alcohol and acetone-ethy] alcohol. 


Silawat, Subnis and Bhagwat (this Journal, 1949, 26, 533; 1050, 27, 353) have 
attempted the application of the mixture law to rheochor of binary mixtures using the 


expression 
Rm = Mn nt 
D 
where Rm = {t-x) R+ xR: and 


Mn = (1-x) M + xMx 


where Rm, Mm, x, Rx,y and D are the rheochor of the solution, mean molecular weight 
of the solution, molar fraction of the solute, rheochor of the solute, viscosity of the 
solute and density of the solute respectively. This work has been extended in this 


paper. 
TABLE I 
Rheochor of benzene in ethyl alcohol. 
x. D. nx 103. Mx. Rm. Rx. 
+ Temp. =30°. 
0.0000 0 7827 9.307 46.06 77-78 ee 
0.0951 0.7938 8.385 49.10 80.69 008.5 
0.2846 0.8155 7.218 55°18 £6.54 109.0 
0.7300 0.8626 6 095 69-43 100.90 109.4 
1.0000 0.8638 4.804 78°08 109.80 
Average Rx =108.8. Calc. Rx =109.8. 
Temp. =40°. 
0.0000 0.7775 7.534 46.06 76.25 — 
0.0951 0.7852 6.852 49.10 79.50 110.4 
0.2846 0.8065 6.001 55-18 86.64 109 2 
0.7300 0.8517 5-244 69.43 100.20 109.1 
1.0000 0.8541 4.244 78.08 109.40 
Average Rx =108 8. Cale Rx =109.8. 
Tenip. =50°. 
0.0000 0.7679 6.141 46.06 75-26 — 
0.0951 0.7839 5-797 49.10 75-41 110.0 
0.2846 0.7968 5.046 55-18 84.80 108.8 
0.7300 0.8409 4.497 69.43 99.63 108.6 
1.0000 0.8448 3.662 78.08 109.50 


Average Rx =108,9. Calc. Rx =109.8. 
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RHEOCHOR OF BINARY MIXTURES 
TABLE IT 
Rheochor of acetone in ethyl alcohol. 
x. D. nX 103. Mm. Rn. Rx. 
Temp. =30°. 
0.0000 0.7827 9.307 46.06 77.78 — 
a1 0.8569 0.7818 7-420 47.96 78 80 84.33 
0.3896 0.7836 5.888 . 50.24 80.04 83.64 
0.7968 0.7850 4.304 55.61 85.02 86.68 
le 1.0000 0.7825 2.969 58.08 84.96 a 
e Average Rx =84.89. Calc. Rx =84.4. 
Temp.= 40°. 
0.0000 0.7775 7-534 46.06 76 25 _ 
0.2305 0.7739 5-525 48.84 78.15 84.33 
0.5991 © 7736 3.968 53.26 81.79 84.83 
0.8549 0.7779 3-724 56 35 86 50 88 12 
1.0000 0.7707 2.733 58.08 85-41 — 
Average Rx =85.6. Calc. Rx =84.4. 
it Temp. =50°. 
0.c000 0.7679 6.141 46.06 75.26 orn 
e 0.1569 0.7705 5.019 47.96 77.56 84.33 
1S 0.3896 0.7643 3.866 50.24 77.81 84 42 
0.7968 0.7643 3-473 55-61 85.02 87.68 
1.0000 0.7597 2.442 58.08 85 43 —_ 
Average Rx =85.8. Calc. Ry =84.4. 
TaBie III 


Rheochor of chloroform in ethyl alcohol. 


x. D. nx 103. Mm. Rn. Rx. 
Temp. =3>. 
0.0000 9.7837 9-307 46.06 77-78 — 
0.1263 0.8954 8.646 55-67 81 42 100 50 
0.3190 1.0650 ~ 8.145 69.95 84.78 99.77 
0.7196 1.3130 6.032 98.84 94-32 100.80 
1.0000 1.4530 5.082 II9 40 100.70 _ 


Average Ry =100,3. Calc. Rx =100.2. 





Temp. =40°. 
0.0000 0.7775 7-534 46.06 76.25 ig 
0.1263 o 8828 7.018 55-67 80.45 100.7 
0.3190 1.0420 6.368 69.95 83 94 100.2 
0.7196 1 2870 5.019 98.84 93,66 100.y 
: 1.0000 1.4350 4 500 119.40 100.50 oie 
Average Rx =100.4. Calc. Rx =100.2. 
Temp.=50°. 
0,0000 0.7679 6.141 46.06 75.26 ~— 
0.1263 0.8744 5-314 55-67 78.47 100.90 
0.3190 1.0290 4.615 99 95 83.73 99 97 
0.7196 1.2680 4-420 98.84 93-91 101.20 
1.0000 1.4250 4.160 119.40 100.20 = 





Average Rg =100.5. Calc Rx =1002 
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The results indicate that for the binary system, benzene—ethy] alcohol, the mix- 
ture law is applicable and the temperature has no appreciable effect. For ethyl alcohol— 
acetone system also, the law is applicable. The rheochor values slightly fall with 
temperature as is observed generally, but increase with the concentration of the solut« 
The behaviour of chloroform—ethyl alcohol system is similar to that of benzene—alcohol 
system. These two systems being of non-associated substance in associated solvents 


are similar, while the slight deviation of acetone—alcohol system may be due to the fact 
that it is a system of associated liquids. 


CHEMISTRY DEPARTMENT, 
HOLKAR COLLEGE, INDORE Received February 11, 1952. 
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FORMATION OF THE [ODO DERIVATIVES OF SUBSTITUTED 
CYANOACET- AND ACETOACETA MIDE 


By M. D. Avasare, M. L. SHAH AND N. M. SHETH 


Cvanoacet- and acetoacetamides have been iodinated and mon.-iodo and di-iodo derivatives 
obtained 


Avasare, Shah and Shah (this Journal, 1949, 26, 575) prepared mono-iodo, di-iodo 
and bromo-iodo derivatives of malonamides using iodic acid as an oxidising agent. 
This study was therefore undertaken to ascertain the possibility of formation of similar 
iodo derivatives in compounds containing —CO.CH,CN— and —CO.CH,COCH,— 
groupings like the substituted malonamides containing —OC.CH,.CO— grouping. As 
the various substituted cyanoacet- and acetoacetamides were found to be very soluble in 
alcohol, alcoholic medium was selected in this work instead of glacial acetic acid medium 
(Avasare, Shah and Shah, loc. cit. Willstatter, Ber., 1902, 35, 1377). Using iodic acid 





as an oxidising agent, mono-iodo and di-iodo derivatives from CN.CH,.CO.NHR and 
CH,CO.CH,.CO.NHR (where R is phenyl, tolyl, 1:3:4-xylyl, hydrogen, benzyl, methyl 
or naphthyl group) have been obtained. In the case of the above iodo derivatives, 
iodine replaces the methylene hydrogen and not the hydrogen of the phenyl group. 
This is evident from the fact that ‘i) iodine is readily reduced with potassuim iodide 
and hydrochloric acid ‘Kurt Meyer, Annalen, 1911, 380, 212); (ii) di-iodocyanoacet- 
phenylamide and di-iodoacetoacetphenylamide on hydrolysis with potassium hydroxide 
yield oil which was tested free from halogen and identified as aniline, and (iii) a 
similar di-iodo derivative is obtained from cyanoacetmethylamide. 

No y-iodo derivative seems to have been formed like the one pointed out by Macbeth 
as in the case of bromoacetic ester (J. Chem. Soc., 1923, 128, 1122) as seen by the libera- 
tion of the same volume of nitrogen on reduction of (i) a fresh and (ii) one 
month old sainple of mono-iodoacetoacetyhenylamide with the help of hydrazine hydrate. 


ExPERIMENTAL 


Cyanoacetphenylamide (4 g.) was first dissolved in ethyl alcohol (120 ¢.c.) by 
heating it in a conical flask under reflux over a sand-bath and was made to react with 
iodine (2.5 g.) in presence of a concentrated aqueous solution of iodic acid (1 g.). Iodine 
was slowly absorbed on shaking. When it was completely absorbed, the solution was 
filtered hot and the filtrate on cooling in ice water deposited acrystalline mass. It 
was filtered, repeatedly washed with 50% alcohol to free it from excess of iodine or 
amide, and subsequently crystallised from alcohol as yellow crystals. 

For preparing mono-iodo derivatives the amide, iodine and iodic acid were taken 


as shown btlow: 





5R’ .CH,.CONHR + 21, + HIO, =5R’.IHC.CONHR + 3H;,0. 
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and for di-iodo derivatives, accordings to 


SHAH AND N. 


M. SHETH 


5R’.CH,.CONHR+4I, + 2H1O,=5R .I,C.CO.NHR+6H,0 


(where R’=CN or COCH; and R=phenyl, tolyl, xylyl, etc). 





The above iodo derivatives are readily soluble in alcohol, acetic acid, benzene and 


chloroform but almost insoluble in petroleum ether. 
purified from alcohol without undergoing decomposition. 


They are fairly stable and can be 
The iodo compounds, if not 


separated from the mother-liquor and kept overnight, have a tendency to decompose. 
They are also decomposed in contact with ether. 


for about two to three months and change in colour. 


C represents cyanoacet, A, amide, and Ac, acetoacet. 


Iodo derivative. 


Mono-iodo-C-phenyl-A 
Di-iodo-C-phenyl-A 
Mono-iodo-C-o-tolyl-A 
Di-iodo-C-o-tolvl-A 
Mono-iodo-C-m-tolyl-A 
Di-iodo-C-m-tolyl-A 
Mono-iodo-C-p-tolyl-A 
Di-iodo-C-p-tolyl-A 
Mono-iodo-C-1 :3 :4-xvlidide 
Di-iodo-C- As ~ 
Mono-iodo-C-A 

Di-iodo-C-A 
Mono-iodo-C-benzy1-A 
Di-iodo-C-benzyl-A 
Mono-iodo-C-methy]-A 
Di-iodo-C-methyl-A 
Mono-iodo-Ac-pheny!-A 
Di-iodo-Ac-phenyl-A 
Mono-iodo-Ac-o-tolyl-A 
Di-iodo-Ac-o-toly-A 
Mono-iodo.Ac-p-tolyl-A 
Di-iodoAc-p-tolyl-A 
Mono-iodo-Ac-1 :3 :4-xylidide 
Di-iodo-Ac-1 :3 :4-xylidide 
Mono-iodo-Ac-a-naphthyl-A 
Di-iodo-Ac-a-naphthyl-A 


CHEMISTRY DEPARTMENT 
BARODA COLLEGE BARODA 


M.p. 


TABLE I 


Formula. 


CyH;ON,I 
CsHgONgle 
CypHyON,I 
CypHONGI, 
CypHyONgl 
CipHyON,I, 
CypHONgI 
CipHsONGI, 
Cy Hy ON! 
Ci,HpONgI, 
CsH,ONzI 
CyH,ONgI, 
CypHyONgI 
CipHsONol, 
CyH;ONg! 
CyHyONgI, 
CioH 9O2NI 
CigHyO,NI 
Cy)H,0,NI 
CH 0.N1, 
C\)H),0,NI 
Cy Hy O2NIy 
CyHy40,N1 
Cy gH jy_NT, 
CygH,02N1 
CH 10s, 


Colour. 


Yellowish 


Faint yellow 
Yellowish 


Brownish yellow 


Yellowish 


” 
Orange 
Yellowish 


Brownish yellow 
Yellowish 
Whitish yellow 
Yellowish 


They slowly decompose on standing 


% Iodine. 


Found. 


44.18 
61.35 
42.21 
59.82 
42.12 
59.27 
42.16 
59-42 
40.21 
57-77 
60.54 
75.86 
42.12 
59.86 
50 92 
72.73 
41.83 
59.20 
39.98 
57-23 
39 98 
57-43 
38.47 
55 43 
30.12 


52.99 


Calc. 


44-40 
61.55 
42.33 
59.62 
42.33 
59 62 
42-33 
59.62 
40.44 
57-72 
60.48 
75-0 
42.33 
59-62 
56 70 
72.56 
41.90 
59.21 
49.05 
57.32 
40.05 
57 32 
38.37 
55-58 
36.04 
§3-03 


Received Seplember 28, 1959. 
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MODIFICATION OF SKRAUP’S REACTION 


By S. J. Das Gupta 


The Skraup’s reaction for the synthesis of quinoline isa very interesting subject as 
it offers a ready method of synthesising the quinoline group of compounds. Up to 
date the most important modifications of this reaction, so far introduced, are the 
ferrous sulphate modification of Clarke and Davis (‘Organic Synthesis’, John 
Willey & Sons, New York, 1922, Vol. 2, p. 79), the acetic acid modification of 
Cohn and Gustavson (J. Amer. Chem. Soc., 1928, 50, 2709), the thoriuim-vanadium 
oxide method of Darzens, Delaby and Hiron (Bull. soc. chim., 1930, 47, 227) and 
the boric acid modification of Cohn (J. Amer. Chem. Soc., 1930, 52, 3685). 


In all these modifications the amino compound is mixed with the corresponding 
nitrocompound and glycerine and sulphuric acid. No modification has yet been found 
in which the use of the amine is dispensed with and the nitro compound is converted 
directly into the quinoline. Although there are only a few solitary examples of pre- 
paring the quinoline directly from the nitro compound alone, e.g., synthesis of alizarin 
blue from §8-nitroalizarin by Prude-Homme and synthesis of a quinoline-pyrone from 
6-nitrocoumarin by Dey and Goswami (J. Chem. Soc. 1919, 115, 533), no general method 
has yet been found suitable for preparing quinoline compounds from nitro compounds 
alone. The reason is that the heating of a nitro compound with sulphuric acid and 
glycerine leads invariably to a very violent reaction in almost all cases. ‘TT. N. Ghosh 
and his colleagues have reported the isolation of a few quinoline derivatives by heating 
nitro compound with glycerine and sulphuric acid (this Journal, 1944, 21, 354), but the 
present author has noticed that these reactions are extremely dangerous and often 
lead to explosive violence. 


The author has therefore found out a modification by which quinoline compounds 
can be prepared directly from nitro compounds alone without any slightest chance of 
the reaction becoming violent. This modification is of wide application and is suitable 
for both routine laboratory work and large-scale commercial preparations. Though this 
modification gives very poor yield in many cases, a very high yield has been achieved in 
some Cases, particularly in the case of nitro compounds containing a halogen or hydroxy] 
group in ortho position to the nitro group. These particular cases have become very 
important from commercial point of view, minimising the cost of production due to the 
use of amine being dispensed with*. 

The modification adopted is as follows: A mixture of nitro compound (1 part), glyce- 
rine (2 5 parts) and pure formic acid or glacial acetic acid or concentrated phosphoric acid 
(1.5 parts) is to be made in a round bottomed flask and cooled. To this mixture 3 


* Bose (this Journal, 1945, 22, 169) has studied similar modification in only one guincline derivative 
using acetic acid only. But this work of the present author was incorporated in his D.Sc, thesis sub- 
mitted to the Calcutta University in 1943. 
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parts of concentrated sulphuric acid are to be added slowly with thorough mixing, and 
the whole is slowly refluxed under stirring at about 140°-150° for several hours. The 
quinoline is then isolated from the reaction mixture in the usual way as in the case of 
original Skraup's reaction. Following this method several known quinolines have been 
prepared. The results are summarised in the following table. 


TABLE | 


Q stands for quinoline 


Nitro compound Quinoline. Yield M.p. or b.p. Found. Cale. 
1. Nitrobenzene 0) 2% 237 C, 83.45% 83.71 % 
2. 0-Nitrophenol 8-Hydroxy-Q 20 76° H, 5.30 5-42 
3. p-Nitrophenol €-Hydroxy-O 2 192° N, 9-55 9.45 
4. m-Nitrophenol 7-Hydrxy-Q 5 235-37 N, 9.48 9-65 
5. p-Chloro-o- 5-Chloro-8- 69 129 N, 9.44 7.82 
nitrophenol hydroxy-Q N, 7-78 7.82 
6. o-Chloro-p-nitro- 5-Chloro-5- 15 197° N, 7.65 
phenol hydroxy-Q 185° C, 75-23 75-47 
7. p-Nitroanisole 6-Methoxy-Q 2 35mm. H, 5.45 5,66 


The author wishes to express his sincere thanks to SriS. P. Sen, M.Sc., General 


Manager for his kind interest in the work. 


SiR PRAFULLA CHANDRA RESEARCH LABORATORY, 
Benca, CHemicat & PHARMACEUTICAL WORKS LTD., Received April 21, 1950. 
CALCUTTA. 




















[Jour. Indian Chem. Soc., Vol. 29, No. 9, 1952] 


A NOTE ON A MODIFIED METHOD OF ESTIMATING MAGNESIUM 


By ‘T. RAMAKRISHNAN 


Hough and Ficklen (J. Amer. Chem. Soc., 1930, 52, 4752) have devised a colori- 
metric method of estimating magnesium in water in the presence of calcium by using 
8-hydroxyquinoline. ‘To enable the comparison of colour to be made in an ordinary 
Duboscq colorimeter and to maintain the stabity of this colour over a longer period of 
time, in the modified procedure to be described, the excess of 8-hydroxyquinoline is 
reacted with ferric chloride to give an intense green colour. As the presence of 
oxalates is obviously inadmissible when ferric chloride is used, the calcium has to 
be precipitated as the tungstate (Mousseron and Bouisson, Bul. soc. chim. Biol., 
1930, 12, 482). The method outlined requires less than an hour for completion. 

Procedure.—The water sample (50 c.c.) was pipetted out into a centrifuge tube 
of 60 c.c. capacity, 1 c.c. of 5% sodium tungstate solution was added and 
warmed for 5 minutes on a water-bath. The precipitated calcium tungstate was 
centrifuged for 10 minutes. ‘The clear supernatant layer (25 c.c.) was pipetted 
out into another 60 c.c. centrifuge tube, 25 c.c. of a solution of 0.5% 
8-hydroxyquinoline in absolute alcohol were added (pipette), and the contents made 
strongly alkaline by addition of liquor ammonia. The solution was again centrifuged 
for 10 minutes. ‘he clear supernatant solution (20 c.c.) was pipetted out into 
a Nessler tube and neutralised with dilute hydrochloric acid. N/100-Hydrochloric 
acid (5 c.c.) was then added, followed by 1 c.c. of a 0.15% ferric chloride solution. 
The contents were made up to 100 c.c. and the green colour developed was compared 
after ten minutes against that of standards containing 1, 2, 3, 4 and 5 c.c. of 8-hydroxy- 
quinoline solution treated in the same way. 

The following table gives the results a few experiments. Itcan be seen from the 
table that the estimation of magnesium by this method is rcasonably reliable and 
accurate. 


TABLE I 
Mg, (taken in mg. per. 50¢.c.) 10.0 15.0 20.0 30.0 50.0 100 
Mg. (found in mg. per 50 c.c.) 9.98 15.06 20.04 30.01 49.84 99-78 
% Error 0.20 0.40 0.20 0.03 0.32 0.22 


Interfering tons.—Experiments conducted with different samples of natural waters 
show that the salts in concentrations naturally present in watersdo not interfere in 
this method. Aluminium present up toa limit of 10 parts per million does not interfere. 
When iron is present, however, it has to be first got rid of by precipitation with 
ammoniun chloride and ammonia before estimation of magnesium is carried out. 

The author’s thanks are due to Sri K. Venkatramanan and Prof. K. V. Giri for 
their keen interest in the work. 


BIOCHEMISTRY DEPARTMENT, 
INDIAN INSTITUTE OF SCIENCE, Received March 7, 1952 
BANGALORE-3. 
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PRAFULLA CHANDRA RAY MEMORIAL LECTURE 
By Dr. S1ir S. S. BHAtTNAGAR, Kr., O.B.E., F.R.S.,D.Se., F.N.I., F.R.I.C., F. Inst.P. 


Who can dare speak in the compound of 92, Upper Circular Road and not recall 
Sir Prafulla Chandra Ray. Speaking on this occasion, I almost feel as if, dressed in his 
half kurta and dhoti, he has just entered the hall and taken his seat in the room in order 
to hear without being recognised what a grand pupil has to say about him. 

I consider it a great privilege to be called upon to deliver the 4th Sir P. C. Ray 
Memorial Lecture. ‘The honour is all the greater when I recall that all my predecessors 
in this distinction were from amongst his earliest pupils and actually received their 
training in science by sitting at his feet. Although I came to know Sir P. C. Ray 
rather intimately and was associated with him in a oumber of ways, I did not have the 
benefit of imbibing my chemistry directly from him. In atonement for this atrocious 
crime, however, I did the next best thing, that isto have my early education in chemistry 
under the care of one of his earliest pupils, the late Shri Atul Chandra Ghosh. I can, 
therefore, justifiably claim to be his grand pupil. He was an indirect source of inspi- 
ration to me and during his life time, I received many a word of good cheer and encour- 
agement from him. 

Both at Lahore and at Banaras, he honoured me by staying with me whenever he 
visited these places. When for a short period, I was posted in Calcutta, he used to 
honour us by a visit at my residence at Old Store Road. Once after a short stay of a 
day, he was found packing his belongingsand my late wife asked him why this early 
flight. In his inimitably affectionate way, he said quoting Napoleon, ‘‘The only victory 
over love is flight’’. 

When my book ‘Principles & Applications of Magneto-Chemistry’ was published, 
he wrote, ‘‘As far as I know Meghnad’s is the only text book in physical sciences which 
has been adopted by foreign universities. It gladdens my heart that another work in 
physical science is likely to occupy a similar place. My days are practically numbered 
and my great consolation is that you in chemistry are trying to raise the reputation of 
Indian workers abroad’’. Similar appreciation from him encouraged many an Indian 
scientist in his work. This is a lesson which the modern generation of scientists in 
India may learn from him. Instead of appreciating each others efforts, as Sir P. C. Ray 
always did, they are jealous of anybody who tries to surpass their own level and thus 
givea shameless exhibition of their own inferiority. For ‘jealousy is an awkward 
homage which inferiority renders to merit’. 

Prafulla Chandra Ray was a prominent member of that eminent community of 
scientists who were instrumental in staging a rennaissance of science in modern India. 
His contemporaries in this work were Jagadish Chandra Bose, Mahendra Lal Sircar, 
Ruchi Ram Sahni, Pranjpe, Shiv Ram Kashyap, C. V. Raman and others. To him goes 


* 4th Lecture delivered on June 22, 1952, under the auspices of the Society in Calcutta. 
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the credit of creating the first Indian School of Chemistry and considering the difficult 
circumstances under which this school was brought into existence, this achievement was 


as worthy of P. C. Ray as his work in many other directions. 


Of his attainments in Chemistry, nobody in India need speak at any great length 
they are so well known. His doctorate thesis at Edinburgh was in inorganic chemistry 
‘Conjugated Sulphates of the Copper Magnesium Group: A Study of Isomorphous 
Mixtures and Molecular Combinations’ and 1¢ had al: o to go through a practical exami- 
nation consisting of a complete analysis of a complex ore. When his laboratory in India 
was ready in 1894, he took up the analysis of certain rare Indian minerals in the expecta- 
tion that one or two new elements might turn up and thus fill the gap in Mendeleef's 
Periodic System. ‘The specimens were obtained from the Geological Survey of India by 
arrangement with Sir Thomas Holland who was then a junior officer there. He went 
through his noviciate in this branch and had made some progress when his cheinical 
career underwent an expected turn. 

This was the discovery of mercurous nitrite which, as he says, ‘opened a new 
chapter’in his life and made him famous. The circumstances which led to it were thus 
described in his first communication on the subject. ‘Having recently had occasion to 
prepare mercurous nitrite in quantity by the action of dilute acid in the cold on mercury, 
I was rather struck by the appearance of a yellow crystalline deposit. At first sight, 
it was taken to be a basic salt but the formation of such a salt in a strongly acid solution 
was contrary to ordinary experience. A simple test proved it, however, to be at once a 
mercurous Salt as well as a nitrite. The interesting compound promised thus amply to 
repay an investigation’. 

As one new compound followed in the wake of another, he took up their examina- 
tion, ‘with unabated zeal’. “To plough the new field thus opened up and to explore 
untrodden regions was a constant source of thrilling excitement’ to him. Mercurous 
nitrite proved to be the fruitful parent of an interesting series of compounds and during 
a quarter of a century, Dr. Ray and his pupils were incessantly busy in working them 
up—silver-mercuroso-mercuric oxy-nitrite, methyl ammonium nitrite and innumerable 

other nitrites and hyponitrties. His earlier researches showed that univalent mercury 
should be placed side by side with silver and in several later communications, he adduced 
convincing support in the same direction. 


Another important discovery was the preparation of ammonium nitrite in a tangible 
form, which was described by ‘Nature’ “‘as a further accomplishment in determining the 
vapour density of this very fugitive compound’’. In 1907, he showed that ammonium 
nitrite, which had usually been described in text books as being theoretically present, 
could not only be isolated but sublimed. ‘Fol'owing up the clue that a substance which 
like camphor sublimes would necessarily adinit of its vapour density being determined’, 
he proceeded to try the experiment. When he read his paper on the vapour density of 
ammonium nitrite before the Lonion Chemical Society in 1912, there was a bumper 
house and he almost created a mild sensation. Sir William Ramsay, Dr. V. H. Veley 
and others who were present paid him warm tributes for his valuable researches on 
ammonium and amine nitrites. 
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The technical details of his work form the subject matter of one hundred and more 
communications to chemical journals. ‘The appreciative and congratulatory letters from 
eminent chemists of the time like Roscoe, Divers, Berthelot, Victor Meyer, Volhard and 
others not only filled him with inspiration but stimulated him to further activity. 


At the same time, he was indulging in another favourite hobby, i.e., researches 
into the history of chemistry, including lives of the makers of science. His curiosity 
prompted him to read some of the original Sanskrit works and a reference to Berthelot’s 
L,’ Alchemists Grecs further stimulated his inquisitiveness. He was brought into corres- 
pondence with the great French chemist himself and a letter from Berthelot had a pro- 
found moral effect on him. The result of these labours took the form of his ‘History 
of Hindu Chemistry’ which on appearance was welcomed everywhere. I hope some 
enterprising old pupil of Sir P. C. Ray will revise the book and make it up-to-date as 
there is still a great demand in the world for a book of that typ2, particularly since India 
became free. 
His greatest achievement, however, lay in the imspiration which he radiated and 
in the active schools of chemistry and other sciences at Calcutta which resulted from 
his efforts. At an early age, his interest in science had been aroused by the experi- 
~ mental skill of Sir Alexander Pedlar which as he says, ‘almost attracted him to chemistry’ 
His education at Edinburgh did not take him long to discover that he ‘was born for 
chemistry’ and his training under the general guidance of Crum Brown had ‘made him 
passionately fond of chemistry’. Now in his turn he began to inspire all those who 
came under his spell. According to Prof. Sylvain Levi, his laboratory was the nursery 
from which issued forth the young chemists of New India. Hecan truly be called 
the maker of modern chemistry in India. His first research scholar was Jatindra Nath 
Sen and he was followed by Panchanon Neogi and Atul Chandra Ghosh. Most of the 
students who were afterwards destined to play a conspicuous part in notable research 
took their admisston in the Presidency College under him, Jnanendra Chandra Ghosh, 
Jnanendra Nath Mukherjee, Maniklal Dey, Hemendra Kumar Sen, Satyendra Nath 
Bose, Rasik Lal Dutta, Nilratan Dhar, Megh Nad Saha, Jitendra Nath Rakshit, Biman 
Bihari Dey are some of the outstanding names of those who joined him at an early stage 
of his research career, They have all risen tothe height of their profession and each 
of them has created a place in chemistry for himself. Amongst his iater pupils may be 
mentioned Priyadaranjan Ray, Pulin Behari Sarkar, Jnanendra Nath Ray, Jogendra 
Chandra Bardhan, Prafulla Kumar Bose, Gopal Chandra Chakravarti, Mano Mohan Sen, 
Sushil Kumar Mitra and Bires Chandra Guha. 


By far the most important contribution of Sir P. C. Ray to chemistry lay in the 
emphasis which he laid on the practical applicatioa of chemistry and other sciences. 
The adulteration of foodstuffs which even now is a growing evil, engaged his attention. 
The task was wot easy but he undertook a searching examination of ghee, mustard oil 
and similar other substances. He procured samples from the most reliable sources and 
also had them prepared under his personal supervision. ‘This work which involved a 
stupendous labour of three years was published in the Journal of the Asiatic Society of 
Bengal in 1894. In this primarily Sir Prafulla showed by a comparative analysis of 
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butter fat derived from Indian cows with those of British cows, that the analysis of the 
latter published in English works on ‘Foods’ could not be applied in India. 

At the very threshold of his career at the Presidency College, he began to cogitate 
on ‘how to utilise the thousand and one products which nature in her bounty had scatte- 
red broadcast in Bengal’ and thereby ‘to bring bread to the mouth of all ill-fed, famished 
youngmen of the middle classes’. During his stay at Edinburgh, the need for some 
knowledge of political economy had been felt by him but the annouacement of the award 
of a prize for best essay on ‘India, before and after the Mutiny’ had aroused his ‘almost 
innate love of historical studies’ and ‘for a time at any rate got the upper hand of 
chemistry’. Although the prize was awarded to a rival competitor, his essay ‘On India’ 
as well as that of another were bracketted together as proxime accesserunt. On _ publi- 
cation, this essay was considered to be deserving of notice by several authorities as a 
most interesting little book which contained ‘information in reference to India which 
will not be found elsewhere’. 


Asa member of the University Chemical Society at Edinburgh, he had made 
several excursions to various chemical works but admission had invariably been refused 
to the pharmaceutical works. This had aroused his interest and curiosity. 


After some unsuccessful experiments on recovery of citric acid from lemons, he 
turned his attention to ‘such articles as could be manufactured on a small scale and 
would find a ready sale market’. “The business had to be one which would not involve 
the outlay of a big capital and which must not interfere with’ his other pressing duties. 
After several preliminary attempts, the selection of pharmaceutical preparations as the 
most suitable ones were hit upon. Several were the experiments he made, copperas 
from scrap iron, recovery of soda ash from sajjimati, phosphate of soda and calcium 
superphosphate from bone ash, refining of crude salt-petre to potassium nitrate B.P. as 
a preliminary to the starting of a regular pharmaceutical works which had taken a hold 
on his imagination. With the enthusiastic support and co-operation of Amulya Chandra 
Bose, he acquired the acid factory at Sodepur from his friend Yadav Mitra for Rs. 1,000/- 
only and that too on the strength of a hand-note. Thus was laid the foundation of 
Bengal Chemical and Pharmaceutical Works, although he had ‘to wait for full ro years 
before the scheme of starting the chemical and pharmaceutical works on a bigger scale, 
with an acid department as an adjunct could come to maturity’. 


With sheer hard work and perseverance, he nurtured this venture. Every afternoon 
on returning from the college, he would go through the previous day’s orders and see to 
their prompt execution. The migration from the college laboratories to the Pharmacy 
Laboratory was to him ‘a recreation and change of occupation’ and he would at once 
throw himself into the new job and work ata stretch from 4.30 P.M. to7 P.M. ‘with a 
sense of enjoyment and pleasure which acted asa tonic’ onhim. In spite of set-backs, 
like the sudden death by accidental hydrocyanic acid poisoning of Satish Chandra Sinha, 
whom he had considered a valuable acquisition, he persisted and laboured prodigiously 
to nurture this child of his creation. The output of the Sodepore acid factory was 820 
lbs. a day and it soon became evident that an acid factory at such a miniature scale 
could only be conducted at a loss. Most reluctantly, it had to be scrapped and ‘although 


/ 
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this inevitably involved some loss, the experience thus gained proved to be a valuable 
asset which was put to good account several years later’. 

The sudden death of Amulya Chandra Bose was another blow, but undaunted he 
carried on. Bengal Chemicals was later converted into a limited liability company and 
is now a flourishing concern with several factories and many other ramifications. He 
was intimately connected with Calcutta Pottery Works, Bengal Enamel Works and 
Bangiya Steam Navigation Co. 

His love of chemistry was so intense that when the implementation of the ‘Re- 
organisation Scheme’ was taken up, he was appointed the Principal of the Rajshahi 
College. He was, however, averse to wielding executive authority as this did not hold 
out any charm for him. He therefore represented to the Director of Public Instruc- 
tion to permit him to continue to serve as a junior professor at the Presidency College. 
Although Dr. Martin thought this proposal, if sanctioned, would probably lead to 
embarassing consequences, and tried to pursuade him, ultimately after weighing the 
pros and cons, the idea was abandoned, the Lieutenant Governor agreeing that no hard 
and fast rules can be laid down in the cases of several officers. 

The active pursuit of chemistry and its application constituted, however, only a 
part of the activities which he supported during his life. His ‘life outside the test tube’ 
was a busy one and constructive work in relation to removal of economic distress was 
one of his chief preoccupations. 

As a Government servant, he was precluded from participating in the anti-partition 
of Bengal movement but there were no such impediments in the way of his participa- 
ting in the national movement of 1921-26 as he had since retired from Government 
service and joined the Calcutta University. He made frequent tours throughout the 
length and breadth of the country, preaching the need of supporting the national 
schools which had sprung up and also of khadi and removal of untouchability, the 
great curse of Hinduism. During the height of the non-cooperatiou movement, he 
declared ‘Science can afford to wait but Swaraj cannot’. 

He took a keen interest in social work in general and was particularly active in 
organising relief work in connection with the Khulna famine (1921), North Bengal 
floods (1922) and the yreat North Bengal floods (1931). As the special correspondent 
of ‘Manchester Guardian’ stated, ‘His call was answered with enthusiasm’. ‘The public 
contributed generously and hundreds of young men volunteered to go down and carry 
out the distribution of relief to villages, a task which involved a considerable amount of 
hard work and bodily discomfort in a malarious country. This wasa tribute to his 
remarkable personality and position. 

Although not an orthodox non-cooperationist, he was a very sturdy nationalist and 
a very strong critic of government. He fought hard against the exclusion of Indians 
from the higher educational services. At the First Congress of the Universities of the 
Empire (1912), he spoke of the peculiar disadvantages under which Indian graduates 
wishing to purstte their post-graduate studies in a British University were placed and 
pleaded for a new generous recognition of the merits of an Indian graduate. Ata 
subsequent session of the Congress (1926), he participated in the discussion on ‘The 
State and the University’ and criticised the niggardly parsimony of the government in 
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the matter of grants to the University College of Science and Technology, Calcutta. 
Lord Balfour had in his inaugural address on modern education and after examining the 
argument that subscription of large funds by the state would lead to state control and 
supervision expressed the view that he could not see any symptoms of government 
attempting to interfere with university autonomy. 

In his convocation address at Mysore (1926), he critically examined the educative 
methods prevailing in India. He said, “I believe that the most urgently needed educa- 
tion in this country is the institution of a middle school examination and the absolute 
restricting of any teaching of English speech and writing to children who have passed 
the middle school examination’. At the same time, he advocated the abolition of the 
lecture system and introduction of tutorial system which although only partially, 
‘supplements the incompleteness of the former method’- its general effect being ‘more 
of the nature of coaching without intellectual effort’. He referred to the other main 
defects of university education, the medium of study, the absence of elimination, the 
system of compulsoiy lectures and the non-participation of students in the organization. 

In his note of dissent to the Chemical Service Committee he had pointed out the 
absurd and fantastic notions which were entering the minds of some Indians about the 
capacity of a technical institute. Indian universities and educational institutions in 
general imparted education which was of too literary a character and all that was re- 
quired was to substitute technical for literary education. This step would result in the 
springing up as if by magic of industries all round. He held that industrial progress 
preceded progress in science and techn®%iogy and deplored the methods followed general- 
ly of sending promising young men abroad to learn ‘the technique of an industry so 
that on his return with the necessary expert knowledge, he may be in a position to start 
industry’. This sort of easy going and happy-go-lucky method had ended in failure in 
China and was bound to fail in India. 

He also expressed his views on the current topics of the day, sometimes in strong 
language and his autobiography contains some interesting comments on such diverse 
subjects as iMsane craze for university education, gospel of the charka, modern civilisa- 
tion-mechanisation and unemployment, economic conditions of Bengal, Bengal as the 
milch cow, caste system and its baneful effect on Hindu society, expensive habits of 
university students, communalism, soci0o-ecovomic and politico-economic problems, 
scientific specialisation and narrow outlook-old age and how to battle against it, etc. 

Sir Prafulla had pever been in good health ; many people in fact considered him 
an invalid all his life. ‘When thirteen years old, he had an attack of dysentery which 
became chronic making him a permanent valetudinarian with impaired digestion. He 
was a victim of indigestion, diarrhoea and later of insomnia. He had to submit to the 
most rigid observance of diet regimen’. 

In spite of this constant bad health, he was a hard worker and spasmodic efforts were 
never congenial to his nature. He says, ‘Whatever I have done, I have done by slow 
and persistent methods’. His most serious study or writing was often finished in the 
morning before many young people can make up their mind to shake off the lethargy 
of their sleep. He was up at 5 in the morning and after a brisk walk and light breakfast 
sat down to study at 6 inthe morning. With life thus started, he was able to devote 
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himself to the work in hand. Nature had endowed him with the gift of emptying his 
mind of whatever may have occupied it the moment before and this quality enabled him 
sometimes to attend to half a dozen things in the course of the day. As he says, his 
own experience bore out the saying that ‘the busy man has always ample time at his 
disposal’, and he could attend to every day routine work as well as other urgent matters. 
Vet even in old age, he kept up to this routine. ‘ [f any one were to ask me what 
period of my life has been most active,” he writes, “‘{ would unhesitatingly answer : 
From sixty onwards. During this space’of time, I have toured throughout the length and 
breadth of this vast peninsula at least 200,000 milesin opening exhibitions, national 
institutions and preaching the gospel of Swadeshi ; over and above that I have been to 
Europe twice. But a glance at my daily routine of work will convince any one that 
in spite of my numerous preoccupations, I have never allowed my research at the labora- 
tory to suffer though the universal opinion in India is that I must have bade farewell to 


it long ago. It is true that when one’s activities are spread over a broad area, scientific 


work cannot possibly receive that degree of attention, which a secluded recluse can 
afford to bring to bear upon it. In order, however, to make up for this sort of diver- 
sion of my energies, I have been under the necessity of curtailing my holidays and 


vacations’. 
The outstanding traits of his character were his simplicity and his generosity. 


He gave all that he earned to the needy and the poor and his financial support in the 
form of scholarships to the students "was a household word in Bengal. Even as a 
student at Edinburgh, he could not reconcile himself to the tail coat and whatever little 
taste he had acquired for the ordinary suit during his sojourn in Britain, he soon 
discarded for bis kurta and dhoti. His wants were few and far between and except 
for being a little fastidious in the matter of food, he was not fussy in his habits and 
his living. His room in the College of Science was his office, study and bed room. 
According to Emerson ‘Nothing is more simple than greatness : indeed to be simple is , 
to be great’. 

I cannot end this address better than by summing up his other qualities more or 
less in the words which his students at the Presidency College used in their farewell 
address: Easy of access, ever-pleasant, ever-willing to help the poor and needy student 
with his counsel and his purse, living a life of sturdy, celibate simplicity, with genuine 
patriotism, not loud but deep, he was an ancient Guru reborn, a light and an inspiration 
from the treasure-house of old Indian spirituality. 


Were I so tall to reach the pole 

Or grasp the ocean with my span, 

I must be measured by my soul, 
The mind’s the standard of the man. 
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STUDIES IN SESQUITERPENES. PART XII. SESQUITERPENES OF 
THE ESSENTIAL OIL FROM THE WOOD OF THE 
HIMALAYAN DEODAR 


By G. S. KRISHNA RAO, SUKH Dev AND P. C. GUHA 


The essential oil from the wood of Himalayan Deodar has been examined in detail p-Methy!- 
acetophenone, /p-methyl-A*-tetrahydrnacetophenone and atlantone have been jdentified. Two new 
sesquiterpenes, designated as a- and 8- Hi nachaiene, constitute the major portion of the oil. Himachalol, 
a tew sesquiterpene alcohol related to the himachalezes, has also been isolated 


Cedrus deodara, Loud. is a large evergreen tree, native to the North-West Hima- 
layan regions of India. The tree yields valuable timber which is extensively used in 
making railway sleepers. During the process, a lot of waste wood is produced which 
in view of its high oil content, can be usefully employed for obtaining the oil by dis- 
tillation (Roberts, J. Chem. Soc., 1916, 109, 791). 


Roberts (loc. cit.) in a preliminary study of the oil obtained four main fractions 
from which he identified a ketone as p-methy]-A°-tetrahydroacetophenone by its semicar- 
bazone. He also found a phenol and prepared its benzoate, but could not identify the 
phenol on account of its presence in the oil in a very low amount. The main constituent 
(50-70%) of the oil was the sesquiterpene fraction from which he could not get any solid 
derivative. He could, however, isolate from the oil hexoic, heptoic and stearic acids by 
hydrolysis. Simonsen and Rau (Indian Forest Records, 1922, 9, 123; cf. Finnemore, 
“‘The Essential Oils’’, 1926, p. 7) confirmed in the main the work of Roberts. They 


did not find any phenol in the oil but reported the presence of a viscid, yellow sesquiter- 
Pfau and Plattner (Helv. Chim. Acta, 


pene alcohol and some esters of fatty acids. 
1934, 17, 129) studied the essential oil of Cedrus atlantica, designated two isomeric keto- 


mes occurring in the higher boiling fraction of the oil as *- and y- atlantone and establi- 
shed their structures. ‘They also examined a sample of the wood of the Himalayan 
Deodar and found that the higher boiling fraction of this oil contained these two isomeric 
ketones. In view of the abundant occurrence of the wood in this country and its rich 
oil content, it was thought of interest to reinvestigate the oil fully with special reference 


to the sesquiterpenes. 


The Deodar wood was obtained from Kangra in East Punjab in November 1949. 
On steam distillation of the chipped wood, the volatile oil was obtained in a yield of 
10.54%. The oil was coloured pale yellow and had the characteristic odour of the wood. 
The properties of the oil are summarised in Table [ and compared to the values reported 


by Roberts. 
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Properties. 


Colour 
Odour 


Density 


G. & 


Refractive index 


Optical rotation 


* Acid valne 


Ester value 
Acetyl value 


0.065 
85 
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TABLE | 
Roberts (loc. cit.). 
a IT. 
Reddish brown. 
Balsamic odvuur 
15 
qe 0.9549 0.9756 
n° 
My » 1.5195 1.5225 
22° : 3 
a » +52 -16 +34°.6 
5-6 4.5 
19.3 49 
30.8 34.4 


A sample of clear aqueous distillate was found to give the iodoform reaction very 
readily, indicating the probable presence of a compound containing a methylketone 


group. 


On treating with the 2:4-dinitrophenylhydrazine reagent, it was found to give 


a solid derivative which after repeated purification was identified to be 2:4-dinitrophenyl- 
‘hydrazone of p-methylacetoplienone. 
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Frac- Wt. BP. . Refrac. 
tion, index (np). 
I 2.8g. 100-125°/1g4mm. 2?°1.5009 
2 1.9 125-127°/14 n®"1.5 35 
3 5.2 128-129° 12 n°; 5040 
4 3.8 129 5-131°/12 n®? 5°) 5-40 
5 66 13 °*:32°/12 ny 5559 
6 6.1 131-132°/12 n°, 5055 
7 7.8 132-5-134°/13 nl? 1 5060 
8 8.2 132-133°/12 n7°1 sobs 
9 89 133°/12 n®8° 1.5070 
10 6.3 133°/12 n3*t 5070 
II 5:7 133° /12 n?3°1. 5080 
12 3:7 133°/12 n®8°1. 5080 
13.0 4.2 1 36°/13 n™?° 1. 5085 
14 6.5 136°/13 n®3°1 5090 
15-38 | 33§°/12 n28°:. 5090 
16 5.6 135°/12 n%8°1 590 
- gs 135°/12 n°, 5090 


The essential oil was fractionated through an 
efficient packed column. Thirty two fractions 
were collected, recording the optical rotation and 
refractive index of each fraction and being guided 
by these, for the collection of the subsequent frac- 
tion. The fractions collected and their physical 
properties are given in Table II. The optical 
rotations are plotted, as shown in Fig. 1, against 
the weights of the corresponding fractious so as to 
obiain a rough idea of the number of components 
present in the essential oil. 


TABLE II 
{a]p. Frac- Wt. B.P. Refrac. {a]p. 
tion. index (mp). 

+5°.64 18 3.1g.135°/12 mm. n°": 5100 +87°.6 
+2°.5 19 13.1 133°/11 n?°1.5100 +97°.24 
-7° 62 20 11.0 133°/1 n23°r 5100 +117°.6 
—26° 21 7.6 13939°/x% n?°1.5100 +134°.9 
—45°.18 22 6.6 139°/9 n%°r 5110 +144° 7 
—57°4 23 90 6131°/9 n@°r.5s110 +158° 
—59° 58 24 11.9 131°/9 nl’: 5110 +167°.1 
—58° 32 25 9-5 131 5°/9 n°: .5115 +180° 5 
—40°6 26 4.2 128°/8 n7°r 5115 +190° 
—35°.84 27 14.7. 128-129°/8 n8°1.5120 -+193° 
—2°.2 28 150 126°/7 n%8°r 5120 +193.°36 
—1°.5 29 8.0 126-130°/7 n° 1.5120 +153°-5 
-o° 8 30 5.6  126-136°/4 n°r 5120 ©+64°.80 
+37°.26 31 6.5 126-135°/3 n%*1 5100 +43°:6 
+65°.10 32 4-6 133-135°/3 9 n8°1.5110 =+32°.6 
+-73°.5 Residue 37.0 


+80°.76 
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Fraction I gave a deep red colour with aqueous ferric chloride indicating the 
presence of a phenol or an enolic compound. The substance was extracted with weak 
aqueous alkali and on regeneration in the usual manner, an oil of unpleasant odour was 
obtained in a yield of 0.022% based on the whole oil. [t gave a beautiful, light green 
copper complex (m.p. 132°). With 2:4-dinitrophenylhydrazine the presence of a ketone 
was indicated but no crystalline product could be isolated. Similarly attempts to get 
a crystalline semicarbazone met with failure, but a benzoate melting at 74-75° could be 
isolated. After obtaining a sufficient quantity of the materia! it is proposed to under- 
take a detailed investigation. 


p-Methylacetophenone and p-Methyl-Q*-tetrahydroacetophenone.—Fractions I and 
Tl gave a positive test for ketones with 2:4-dinitrophenythydrazine reagent. A deter- 
mination of the ketone content by the hydroxylamine method (Guenther, “The Essential 
Oils’, 1948, Vol. II, p. 286) gave a value of 0.76%, based on the weight of the whole 
oil for fraction I (assuming a M.W- of 138: p-methyl-A’-tetrahydroacetophenone, 
C,.H,,0) and 0.16% for fraction II ( assuming a M. W. of 134: -methylacetophenone, 
C,H,,O). From the combined lot of fractions I and II, after extracting out the alkali- 
soluble portion, a ketone fraction (0.73% of the essential oil) was isolated with the help 
of Girard-P reagent (Guenther, ibid.; p. 816). The ketone’ fraction, which had the 
properties suinmarised in Table LII, was established to be a mixture of two ketones: 
(i) p-methylacetophenone, ideatified by the preparation of its semicarbazone, m.p. 207°, 
and 2:4-dinitrophenylhydrozone, m.p. 258° and (ii) p-methyl-A*-tetrahydroacetophenone, 
identified by the preparation of its semicarbazone, mp. 156° (Naves and Perrottet, 
Helv. Chim. Acta, 1948, 81, 29, 44; Guenther, loc. cit., p. 482) and by the subsequent 
oxidative regeneration of p-methylacetophenone from the semicarbazone by treatment 
with sulphuric acid (75%), which was found to effect the regeneration of the 
p-methyl-A°*-tetrahydroacetophenone from its semicarbazone and its dehydrogenation 
to p-methylacetophenone in one step. 


TaB.e III 

Properties. p-Methylacetophenoune. p-Methvl- A3-tetrahydro- Present ketone 

acetophenone fraction. 
Boiling point 68°/1.0 mm. 68.5-70°/4 mm 100-105°/18 mm 

: 20° 15 28 
Ref. index My, 1.5335 My » 12-4744 My » 1-4935 
; : se : 28° oo 

Opt. rotation Nil (a), » 735-6 ual “te ae. 86 
Density d20°, 1,0051 a'5°, 0.9435 d*8°, 0.9557 


A fraction rich in these ketones could also be obtained from the earlier two fractions 
of the essential oil by extraction with a saturated solution of sodium salicylate in 98% 
alcohol. 


Himachalenes.—The physical properties of the fractions (4 to 29 of Table II) show 
that they are chiefly composed of sesquiterpenes. The presence of at least two hydro- 
carbons (corresponding to flats B and Dof the curve in Fig. 1) is indicated, one 
being laevo-rotatory, while the other one is strongly dextro-rotatory. It was suspected 
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that another compound might be present in the fractions (16-21, portion C of the same 
curve). However, repeated fractionation through an efficient column resolved these 
fractions into the laevo- and dextro-hydrocarbons. 

For the isolation of pure laevo-sesquiterpene, the cuts (5-8) were selected. These 
were mixed and carefully fractionated over sodium, when a pure hydrocarbon with 
constant physical properties was obtained (see Table 1V). As will be shown presently, 
this represents a new sesquiterpene for which the name «-Himachaiene* is proposed. 

Molecular refractivity (65.92) points to the probable bicyclic nature of the hydro- 
carbon. A crystalline bis-hydrochloride could readily be obtained on saturating it with 
dry hydrogen chloride gas in glacial acetic acid. ‘Ihe hydrochloride after recrystuallisa- 
tion from benzene-petroleum ether melted at 118-19°, a value quite close to that of 
i-cadinene dihydrochloride. But a mixed melting point was very much depressed 
(mixed m.p. 96°). Moreover, the dihydrochloride could be readily converted into a 
monohydrochloride (im.p. 56-57°) on recrystallisation from methanol or even on allowing 
its solution in chloroform to stand for sometime. Lut when a solution of the hydro- 
carbon in methanol was saturated with dry hydrogen chloride gas and allowed to stand, 
only a dihydrochloride was obtained. It is interesting to note that Ruzicka, Schinz 
and Miller (Helv. Chim, Acta, 1944, 27, 195) isolated a bicyclic sesquiterpene from 
the leaf oil of Cedrus atlantica, which behaved very similarly on treatment with hydro- 
gen chloride gas in ether, the crystalline dihydrochloride {(m.p. 118°; formed a mono- 
hydrochloride (m.p. 59-60°) on crystallisation from methanol. However, whereas 
Ruzicka’s compounds exhibited optical activity, the present dihydrochloride and mono- 


hydrochloride are inactive, but regenerate an optically active hydrocarbon (vide Table 
IV). It is likely that the new sesquiterpene might be closely related to that of Ruzicka 


and co-workers. 

Dehydrogenation of this hydrocarbon with sulphur gave practically little picrate- 
forming material. But the dehydrogenated product was quite saturated to bromine 
in carbon tetrachloride and alkaline potassium permanganate, showing that some type 
of aromatisation had taken place. Ina single dehydrogenation experiment with selenium 
similar results were obtained, but traces of picrate-forming material were also isolated, 
and from the very small amount of crude picrate obtained, repeated crystallisations 
yielded a material which appeared to be impure cadalene picrate, as the m.p. 103-105° 
was raised by taking a mixed melting point with cadalene picrate. However, from the 
fact that sulphur dehydrogenation practically did not give a picrate-forming material 
and selenium dehydrogenation furnished such a compound in traces only (ca. go mg. of 
this crude picrate starting with 2.5 g. of the hydrocarbon), it can safely be concluded 
that this sesquiterpene does not belong to the cadalene, eudalene or azulene family, and 
possibly represents a new type of bicyclic system. 

The fractions 27-28, representing the portion with the highest rotation were mixed 
up and fractionated over sodium to get a pure hydrocarbon; further fractionation did 
uot change its physical properties (vide Table VIII). Molecular refractivity indicated 
it to be a bicyclic hydrocarbon, possibly having a semi-cyclic double bond. In glacial 


* The name has been derived from Himachal (Sanskrit for Himalayas), where this ceder wood 


oceurs chiefly. 
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acetic acid, it gave the same dihydrochloride as *-himachalene, as proved by its meltinz 
point, mixed melting point and its behaviour towards methyl alcohol. The fact that 
both the laevo- as well as the dextro- hydrocarbons give rise to he same dihydrochloride, 
shows that the two hydrocarbons are very closely related and since both appear to be 
bicyclic, they differ from each other in the arrangement of double bonds about the same 
carbon atoms. Possibly, one double bond in one of the hydrocarbons is endocyclic, 
whereas it becomes exocyclic in the other one; while the second ethylenic linkage may 
be occupying the same place in both these molecules (cf. a- and f- selinene ; Guenther, 
loc. cit., p. 108). On account of this relationship with a«-himachalene, the hydrocarbon 
has been designated as §-himachalene. This sesquiterpene also behaved similarly on 
dehydrogenation. 


TaBLe IV 


i-Sesquiterpene d-Sesquiterpene Regenerated Hydrocarbon Regenerated 

Properties. ‘a-Himachalene). (8-Himachalene). hydrocarbon of Cedrus hydrocarbon. 
‘isoHimachalene). atlantica 
leaf oil.* 


Boilin int 124°/10 mm. 132°/10 mm. 134°/11 mm. go-104°/o.2mm. 128-129°/12mm. 
ig po 
Density d2l*, 0.9241 qm, 0.9264 d??°, 0.9230 . dl>*, 0.9242 

oO © 


oO 
° a7 27 15 
Ref. index My » 1 5070 ‘ Hy » 1.5060 Mi, » 1-§091 


7 . ” c a . o 
=, —86°.54 lal, » +196°.78[a),, . +62°.34 (a), » +67°.2 


Opt. rotation le) 


Molar refractivits 65.92 06.41 65.91 _ 66.03 
Dihydrochloride : 
m.p. 118-119° 118-19° 118-19° 118 
opt. rotation Nil Nil Nil —7°.g0 in 10.88% 
chloroform 


Monohydrochloride : ' , 
m p. 50°57" 50-57 56-57° 59-60 
opt. rotation Nil Nil Nil +104° in 8% 
chloroform. 
Dehydrogenation Traces of impure Traces of im- No reaction. 1 :6-Dimethyl- 
picrate pure picrate naphthalene. 


Ruzicka, Schinz and Miller (loc. cit.). 


The properties of the hydrocarbon regenerated from the dihydrochloride by treat- 
ment with methyl alcoholic potash are recorded in Table 1V. The product appears to 
be different from both of the natural sesquiterpenes and has been referred to as iso- 
himachalene. isoHimachalene gave rise to the original dihydrochloride on treatment 
with hydrogen chloride gas, indicatiug thereby that no skeletal rearrangement has taken 
place during dehydrohalogenation. 

Atlantones.—The residue was refractionated and the portion distilling at 
133°-150°/2 mm. was mixed with fraction 32. This gave positive test with 2:4-dinitro- 
phenylhydrazine reagent. On treatment with Girard-P reagent, aketone fraction was 
obtained (1.05% of the essential oil). The ketone content of the fraction, as determined 
by the hydroxylamine method assuming a molecular weight of 218 (atlantones, C,,H,,0), 
is 1.0% based on the weight of the essential oil. The properties of the ketone fraction 
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are compared in Table V to those obtained by Pfau and Plattner for the atlantomes 
isolated from the wood of the Himalayan Deodar (loc. cit.). 


TABLE V 


Properties. Atlantone fraction of the Atlantone fraction obtained by 
present oil. Pfau and Plattner (loc. cit.). 


Roiling point 11§-120°/0.5 mm. 121-123°/1 mm 
° ° 


27 20 
Density de , 0.9574 d ”? 0.9562 
"7 # 


° 
20 
Refractive index » 1.5105 ny , 1-518! 


Optical rotation. +24°.3 lel,, +2°.48 


The presence of atlantones in the sesquiterpene ketone fraction of the essential oil 
was shown by the alkaline cleavage of the molecule into acetone and p-methyl-A’-tetra- 
hydroacetophenone, the former being identified by its 2:5-dinitrophenylhydrazone and 
the latter by its dehydrogenation to p-methylacetophenone (cf. Pfau and Plattner, loc. 
cit.). 

Himachalol.—The properties of the alcoho! obtained by us are compared to those 
reported for the alcohol isolated from the Deodar wood by Rau and Simonsen (loc. cit.) 
in Table VI. 

TABLE VI 
Properties. Alcohol obtained by Alcohol obtained by Ran 
the authors. and Simonsen. 
Boiling point °/1 mm. — 
Density # : ' dB” 6.0578 
30. 
Ref, index » 1.5150 ny, » 1.5150 


‘ . 30° 
Optical rotation , (a), » +38°.41 
Molar refractivity 


* Calculated for CjgHygO |7- =68.15. 
=69.88. 
Values taken from Shreiner and Fason, ,“‘ Systematic identification of organic compounds "’, 1948 
Edn., pp. 45. 

Molar refractivity and analysis indicate that this is a bicyclic sesquiterpene alcohol 
containing probably two ethylenic linkages. The nature of the alcohol group was 
established to be tertiary, as it gave neither the xanthate test (Feigl, ‘“Qualitative 
Analysis by Spot Tests’, 1947, p. 324) nor any derivative with phthalic anhydride 
(Guenther, loc. cit., p. 794). On saturation with dry hydrogen chloride gas in glacial 
acetic acid, it gave a dihydrochloride (m.p. 118°), identified to be the same as the dihy- 
drochloride of the Himachalenes, by a mixed melting point determination. Dehydro- 
genation experiments, as in the case of the hydrocarbons, were not helpful, as no picrate- 
forming material was obtained. It is likely that the alcohol is related to the Himacha- 
lenes and is hence named Himachalol. 





STODIES IN SESQUITERPENES 


EXPERIMENTAL 


The Essential Oil.—The Deodar wood was cut into chips and the whole mass of chips 
and powder ‘1614 lbs.) was steam distilled using steam at a pressure of 35 lbs. per square 
inch. ‘The oil obtained was separated, dried over anhydrous sodium su'phate and the 
physical and chemical constants determined according to the standard procedures (Guen- 
ther, ‘‘Essential Oil’’, Vol. I, 1948). 


Fractions I and II (Alkali-soluble portion: 


{solation.—-A mixture of the first two fractions {4.7 g.) was diluted with ether 
(20 c.c.) and extracted with aqueous sodium hydroxide (5 c.c. of 5%) three times. 
The combined alkali extracts were washed with ether and acidified with dilute sulphuric 
acid (1:4). The product was salted out and extracted with ether. ‘Ihe ether extract 
was dried ‘sodium sulphate). After removing the solvent, the residue was distilled 
when an unpleasant smelling yellow distillate was obtained, b.p. 113°-116°/15 mm., 
n'y:, 1.512, yield 57 mg. It was found to give a deep red colour with aqueous ferric 
chloride. 

Copper Complex.—The alkali-solub!e portion (0.2 g.) was taken in petrol (2 c.c.). 
Finely powdered copper acetate was added and the liberated acetic acid was neutralised 
under cooling by the addition of dilute ammonium hydroxide solution ‘2¢c.c.). After 
keeping for ten minutes, the bulky crystalline copper complex separated. It was 
chilled thoroughly, filtered and the residue crystallised twice from dilute alcohol, when 
it came out in beautiful light green needles, m-p. 132°, yield 0.15 g. (Found: C, 58.06; 
H, 8.4; Cu, 18.61 per cent). 

Benzoate.—A benzoate, when prepared by the Schotten-Baumann method, could 
be obtained as white needles, m. p. 74-75° on crystallisation from petroleum ether. 

p-Methylacetophenone and p-Methyl A*-tetrahydroacetophenone Isolation.—The 
alkali-insoluble portions of fractions I and II (4 g.) were mixed and treated with Girard- 
P reagent in the usual manner to isolate the mixed ketones, when a colorless liquid 
(b.p. 100°-105°/18 min., n>, 1.4955; [a] ‘¥, -1.86°) was obtained, yield 1.9 g. 

p-Mthylacetophenone.—The ketone mixture (0.25 g.) was converted into 2:4-di- 
nitrophenylhydrazone (sulphuric acid method), when a red bulky solid was obtained. 
On crystallisation twice from benzene-ethyl acetate mixture, it came out in brilliant 
scarlet-red needles, m.p. 257-58°, yield 0.22 g. Mixed melting point with an authertic 
sample of p-methylacetophenone 2:4-dinitrophenylhydrazone was undepressed. 

The ketone mixture (0.15 g.) was converted into the semicarbazone by the pyridine 
method. On fractional crysiallisation from aicohol, 70 mg. of semicarbazone of 
p-methylacetophenone, m.p. 207°, was obtained as the less solubic portion, in white 
needles. The melting point was undepressed by an authentic sample. 

p-Methyl-A*-tetrahydroacetophenone.—The mother-iiquors of the above semicar- 
bazone reaction were concentrated. The concentrate on keeping in a refrigerator 
deposited some solid. This was treated with cold methyl alcohol and the solvent 
removed from the soluble portion, which was then crystallised twice from benzene, 
when white needles melting at 155-56° (25 mg.) were obtained. The melting point 
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of p-methyl-A*-tetrahydroacetophenone has been given by Naves (Guenther, “The 
Essential Oils’’, 1948, Vol. II, p. 286) as 156°. The identification of this ketone was 
completed by oxidative regeneration of the ketone from the semicarbazone (15 mg.) by 
a special technique, and the crude ketone was converted into the 2:4-dinitrophenyl 
hydrazone, which on crystallisation from benzene-ethyl acetate mixture came out as 
searlet-red needles, m.p. 258° (5 mg.). Mixed melting point with <n authentic sample 
of 2:4-dinitrophenylhydrazone of p-methylacetophenone was undepressed. 


Himachalenes 


(i). %-Himachalene Isolation.—Fractions 5 to 8 which represent the maximum 
laevo-rotatory zone (cut B of Figure 1) were mixed and refractionated over sodium and 
the following fractions were obtained. 


TABLE VII 
Fraction Weight. B.P./10 mm. [a}*s ae 

No. 

1 4.7 &. 123-124° —87°.5 1.5070 
2 43 123-124° ~ 88° 6 1.5070 
3 8.4 125-126° —8.°.3 1.5070 
{ 34 126° ~58°.7 1.5 80 
5 2.0 127° —29°.2 1.5085 


Fractions 1, 2 and 3 were mixed up and redistilled over sodium, when a colorless 
hydrocarbon with the physical properties as recorded in Table IV were obtained. 
(Found: C, 88.22; H, 11.8. C,sH2, requires C, 88.24; H, 11.76 per cent). 

With concentrated sulphuric acid in glacial acetic acid it gave an orange-red 


coloration. 

Dihydrochloride.—The hydrocarbon (1 g.) readily gave a dihydrochloride on satu- 
rating it in glacial acetic acid (2 c.c.) with dry hydrogen chloride gas under cooling. 
After three crystallisations from benzeue-petroleuin ether mixture it came out in fine, 
long, white needles melting at 118-19° with decomposition (yield 0.7 g.) ; [*]> =nil 
(CHCI;,). The molten mass was pink in colour. Mixed melting point with cadinene 
dihydrochloride was 96°. [Found : Cl, 25.3. CisHasCl, requires Cl, 25.6 per cent]. 

Monohydrochloride.—A methyl alcoholic solution of the dihydrochloride on keeping 
in the refrigerator for two days deposited white crystailine needles which on recrystalli- 
sation from methyl! alcohol melted at 56-57°; [%]o, nil (CHCl,;). [Found: Cl, 12.74. 
CysHsCl requires Cl, 14.7 per cent]. 

Regeneration of Hydrocarbon from the Dihydrochloride.—The dihydrochloride 
of the hydrocarbon (m.p. 118-19°, 25 g.) was refluxed with methyl alcoholic potash 
(100 c.c. of 20%) for 8 hours. During the course of refluxing, potassium chloride 
and an oil separated out. At the end of the reaction, it was diluted with water( 100 c.c.; 
and: the regenerated hydrocarbon was extracted with ether thrice. The ether extract 
was dried (sodium sulphate), the solvent removed and ‘the residue fractionated over 
sodium from a modified Claissen flask. ‘The properties of the main fraction (15 g., 84%) 


are shown in Table IV. 
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The hydrocarbon (1 c.c.) gave a dihydrochloride on saturation with hydrogen chlo- 
ride gas in glacial acetic acid. It was found to be identical with the «-himachalene 
dihydrochloride (yield 0.65 g.). Mixed melting point was undepressed. 


B-Himachalene 


Isolation.—Fractions 27 and 28, which represent the highest rotation zone, were 
mixed up and refractionated over sodium, when the following fractions with the 
properties noted in Table VIII were obtained. 


TasLeE VIII 


Fraction Weight B.P./10 mm. [a}?? n?? 
No. >. ws 


4.6 132° 1.5120 
6.6 132° . 1.5130 
11.7 132° 1.5130 
2.2 132° 7.22° 1.5130 
2.7 132° 1.5140 
7.7 132° +141 56° 1.5189 


AM Rw ww 


Fraction 3 was taken up for the study of the dextro-rotatory sesquiterpene. It is 
a colorless bicyclic hydrocarbon (molar refractivity, 66.41). (Found: C, 88.24 ; H, 
11.8. C,;H., requires C, 88.23; H, 11.76 per cent). 

It gave a similar colour reaction as *-himachalene. 

The dihydrochloride, identified to be the same as that of 2-himachalene (by 


mixed melting point), was obtained in the same yield by the procedure described already. 
This also gave the identical monohydrochloride on crystallisation from methyl] alcohol. 


Atiantones 


The residue on refractionation gave a high boiling fraction (132°-150°/2 mm., 15 g.) 
which was mixed with the fraction 32. 

The isolation of the ketone fraction from the high boiling oxygenated fraction 
(20 g.) was done with the help of Girard-P reagent. The properties of the ketone 
fraction obtained (2.75 g.) are given in Table V. No crystalline semicarbazone could be 
isolated. 

Action of EtOH-KOH on the Ketone.—Atalantone fraction ‘175 mg.) was heated 
for 3 hours with potassium hydroxide (200 mg. in water, o § c.c.) and ethylene glycol 
(rec.) on a boiling water-bath in a distilling flask of 5 c.c. capacity. Nitrogen was 
bubbled through the reaction mixture and the issuing gases lead into a test-tube con- 
taining 2:4-dinitrophenylhydrazine reagent. Yellowish red precipitate which collected 
was filtered and washed with warm alcohol (2¢.c.). From the alcoholic filtrate, a 
yellow dinitrophenylhydrazone was obtained melting at 127-28°. Mixed melting point 
with an authentic sample of acetone dinitrophenylhydrazone was undepressed. 

The atlantone fraction (0.2 g.) was refluxed with alcoholic alkali [potassium hy- 
droxide (0.2 g.) in water (0.2¢.c) made up to 1c.c. with alcohol]. The reaction 
mixture was cooled and extracted with ether, the solvent removed and the extract dried 
(sodium sulphate). The solvent was removed and the residue treated with sulphuric 


2—1801P—t10 
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acid (0.2 c.c., 75%) to effect dehydrogenation. The product was steam distilled and 
its 2:4-dinitrophenylhydrazone was prepared. On crystallisation from ethyl acetate, 
it came out as scarlet crystals, m.p. 257-58°. Mixed melting point with the dimitro- 
phenylhydrazone of p-methylacetophenone was undepressed. 


Himachalol 


The high boiling fraction of the essential oil which was rendered ketone-free by 
extraction with Girard-P reagent, on refractionation from a modified Claissen flask gave 
a golden yellow viscous oil ‘b.p. 122°/1mm., mp*” 1.5150, [@]o?° + 32.5°, 433, 
0.9699, molar refractivity, 69.69). [Found: C, 81.92; H, 10.94. C,;H..O requires C, 
81.80; H, 11.21 per cent]. 

Hydrochloride.—A dihydrochloride identified to be the same as that of @-hima- 
chalene (proved by mixed melting point) was obtained but in a much reduced yield 
(0.4 g. from 1 g. of the alcohol). 
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PHOTOCHEMICAL STUDIES ON URANYL SALTS. PART III. THE 
PHOTOCHEMICAL OXIDATION OF ETHYL ALCOHOL AND 
MANDELIC ACID BY MELDOLA’S BLUE USING URANYL 
NITRATE AS THE PHOTO-SENSITISER IN LIGHT 
OF DIFFERENT FREQUENCIES 


By (Miss) SHARDA GuLVADY AND S. K. BHATTACHARYYA 


Investigations have been carried out on the oxidation of ethyl alcohol and mandelic acid by 
Meldola’s blue using uranyl nitrate as the sensitiser in the light of frequencies 366 and 436 uu. These 
reactions have been found to have almost similar characteristics. They are zero-molecular with 
respect to Meldola’s blue. The velocity constant increases with increase in the concentration of beth 
uranyl nitrate and the reductant, and 1/4x/4T plotted against 1/[reductant] gives a straight line. 
The velocity constant is directly proportional to the intensity of radiation absorbed by urany] nitrate 
and is independent of pu. The quantum efficiency is much less than unity 


In this paper are given the results of investigations of the oxidation of ethyl alcohol 
and mandelic acid by Meldola’s blue using uranyl nitrate as the photo-sensitiser in light 
of frequencies of 366 and 436 ms. 


EXPERIMENTAL 


The experimental arrangement and the procedure were the same as described in 
Part Il ‘this Journal, 1952, 29, 659). Meldola’s blue supplied by the British Drug 
Houses was used. Other reagents were the same as in Part LI. 


Fic. 1 


Leceno 


© Redvuctant :- Ethgl Alcohol 
Conc: ite - 
n of uranyl nitrate a 
(00-6 x/0 


* Reductant :- Mandelic Acid 
Conen of uranyl te 
of my ailre ee, 
Ce 6x/O "mM 
Conen of mandelic acid = 
sone 





ah. i. ‘ -4 
/o ss 2ox/0 


Concentration of Meldelas blue —» ¢ 
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Measurement of the Velocity of Reaction.—Spectrophotometric method was adopted 
for the estimation of Meldola’s blue during the course of the reaction. For this, 
calibration curves were obtained by following the same method-as adopted in Part II, 
except that Meldola’s blue was employed in place of potassium indigo-tetrasulphonate. 
Two representative curves are shown in Fig. 1. 

The cell containing the reaction mixture was made absolutely air-tight by covering 
the stopper with paraffin wax in order to prevent the leuco-dye from being oxidised by 
air. The reactions had induction periods which were eliminated in the same way as 
described in Part iJ for reactions involving indigo. 

Preliminary experiments showed that Meldola’s blue did not get reduced when 
exposed to light of frequencies 366 and 436 mp either alone or in presence of the re- 
ductant, alcohol or mandelic acid, or in presence of uranyl nitrate. No dark reaction 
was observed even ina period of 24 hours. 

Measurement of Intensity.—Both uranyl nitrate and Meldola’s blue absorb light 
of the frequencies stated above, but the light absorbed by the uranyl nitrate is only 
effective in bringing out the photochemical reactions. 

The light absorbed by the uranyl nitrate, contained in the exposed reaction mix- 
ture, Isbs, was calculated by using the the same formula for mixtures as stated in Part 
II, where e, is the molecular extinction coefficient of Meldola’s blue. 

The intensity of incident radiation and the molecular extinction coefficients of 
Meldola’s blue were determined exactly in the same way as described in Part Ii. The 
values of ¢, for different wave-lengths are shown in Table I. 


TABLE I 
A(um) 366 436 
¢,(Meldola’s blue) 881.4 646.8 


The reaction was studied at 25°. ‘The experimental data are recorded in Tables II 
to VII. The reactions were found to be zero-molecular with respect to Meldola’s blue. 
In the following tables, Az/At = zero-molecular velocity constant, i-e. no. of g. 
mols. of Meldola’s blue transformed per c.c. per sec., A = wave-length; T=tempera- 
ture ; J,= intensity of incident radiation in ergs per c.c. per sec., Jats= no. of quanta 
absorbed by uranyl nitrate per c.c. per sec., y = quantum efficiency ; a, b and A are 
the concentrations of Meldola’s blue, alcohol or mandelic acid and uranyl nitrate res- 
pectively in g. mols. per litre. 

TABLE II 
A = 436 mh; a = 10.0X10°M;_ b (alcohol) = 87.0x1077M ; A = 50.0X107°M 
Tuba = 97-7 ; T=25°; Pu=2.6. 


Time Spectro- log tan @. Conc. of : 
{min.). reading (9). Meldola's AX iol, 
blue x 101M. At 
1. t+o0 69°.0 0.4158 76 
2. t +10 66°.5 0.3617 6.0 26.7 from 1 and 2 
3. t +20 60°.0 0.2386 42 30.0 ,, 2and3 
4. t+ 45 48°.2 0.0486 0.2 26.7.5, 3and4 


Mean 27.8 
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TABLE III 


URANYAL SALTS 


Effect of varying the concentration of uranyl nitrate. 








a = 10.0 X 10°°M ; pu = 2.6; T = 25°. 
3 “13. A A.103. Tabs.107!3, ree . 
Re A.10'. Tabs. 10 A= jou a re) bs.10 Ox on Y 
. At’ ° At 
Reductant = EtOH. 0b.10?=87.0M. Reductant = Mandelic acid. bx10?=5.0M. 
366 100.60M 15.2 28.3 O.1I 366 301.80M 22.0 38.7 0.11 
- 50.30 8.7 18.3 013 - 100.60 14.1 50.8 0.22 
30.18 5-5 14-7 o 16 a 50.30 8.7 44-3 0.31 
‘i 20.12 3.8 9.3 Q.15 * 30.18 5-7 36.7 0:39 
Po 10.06 2.0 5-5 0.17 a 20.12 4.1 28.3 0.41 
436 301.8 2g1.1 78.7 0.016 436 301.80 130.1 32.8 0,015 
- 201.2 248.2 72.3 0.017 - 100.60 92.4 56.7 0.037 
° 100.9 165.9 52.7 0.019 - 50.30 60.6 48.7 0.049 
- 50.3 97-7 27.8 0.017 - 30.18 41.0 43-3 0.064 
” 20.12 29.1 35.0 0.075 
TABLE IV 
Effect of varying the concentration of Meldola’s blue. 
A=100.6X 107°M ; pu=2.6; T=25°. 
A a.10'. Ty. Tabs, 10733, AX | oll, ¥. A a.104. Ig. Tabs 10733, AX soll, Y 
(up). At (mm). At 
Reductant = EtOH. b,10?=87.0M. Reductant = Mandelic acid. b.10?=5 oM. 
366 40.0M 1676.0 5-5 21.7 0.23 366 27.0 M. 1283.0 10.0 47.0 o 28 
ad 20.0 o 8.6 217 0.15 in 10.0 i 13.1 47.0 0.22 
poh 10.0 ~ 11.7 21.7 0.11 sn 5.0 ‘ 17.1 47.0 0.16 
436 49.0 13160.0 73-1 43-0 0.035 436 20.0 5882.0 70.6 53.0 0.045 
°° 20.0 - 107.0 43-0 0 024 ? 10.0 “9 86.4 53-0 0.037 
3 10.0 9 134.9 43.0 0.019 - 5.0 - 96.6 53-0 0.033 
TABLE V 
Effect of varying the concentration of the reductant. 
a=10.0x 10 ‘M ; A=100.6x10-°M ; pa=2.6; T=25°. 
A b. 107. Tabs 10733, A® | soll, 7 A b. 10? Tats .10743, A*® | soll, ¥. 
(up). ~ (um). At 
Ethyl alcohol. Mandelic acid. 
366 261.0M 11.7 28.3 Q.14 366 150M 13.1 53-3 0.24 
1 174.0 eg 23.3 0.12 - 10.0 » 50.0 0.2 
a 87.0 ‘ 21.7 O.11 y 5.0 ” 47.0 0.22 
o 43-5 ae 20.2 0.10 we 2.5 » 37.0 0.17 
436 261.0 134.9 55.0 0.024 436 15.0 86.4 68.3 0.047 
1. 174.0 a 517 0,023 o 10.0 - 61.0 0.042 
9 87.0 ” 43-0 0.019 ” 5-0 ” 5320 0.037 





43-5 





33 0 





2.5 40.0 
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TABLE VI 
Effect of varying pu. 


=10.0x 10°*M ; A=100.6x107°M ; T=25°. 


A pu. Tabs. 10713, ° ° pu. Tabs.107!3. 4% - r0!!, 
(mm). At At 


Reactant = EtOH. b 10?=87.0M Reductant = Mandelic acid. 6.10?=5.0M. 
366 2.6 : 2.6 13.1 
= 1.8 18 
436 2.6 2.6 
is 1.8 7 18 


TABLE VII 
Effect of varying the intensity of absorbed radiation. 
a= 10.0 10°*M ; A = 100.6X10°°M ; pu = 2.6; T = 25°. 


A Tabs. 10713, 4x 


. 190, ’ A Tabs, 10743, Ax 1011, 
At 


(un). At (um). 


Reductant = EtOH. b.10?=87.0M. Reductant = Mandlic acid. b.10?=5.0M. 


366 11.7 21.7 o.11 366 13.1 47.0 
a 2.9 5.2 - 3-4 12.2 
436 134.9 436 86.4 53-0 
- 33.6 id 22-2 13.5 


DIscuUuSSION 


The reactions have got the following common characteristics : 

(1) The reactions are zero-molecular with respect to Meldola’s blue. 

(2) The reactions have small induction periods. 

(3) The velocity constant increases with increase in the concentration of uranyl 
salt. The quantum efficiency, however, remains practically constant when the initial 


concentration of the uranyl salt is not high. At higher concentrations, the quantum 
efficiency decreases with increase in the concentration of the uranyl salt. 
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(4) The velocity constant is independent of the initial concentration of Meldola’s 
blue. 


(5) ‘The velocity constant increases with increase in the concentration of the re- 
ductant. In fact, the reciprocal of the velocity constant plotted against the reciprocal 
of the concentration of the reductant gives a straight line (Figs 2 & 2). 

Fic. 2 
Effect of the conc. of the reductant ‘EtOH: 


| 03° pe 


- 








FIG. 3 
Effect of the conc. of the reductant ‘mandelic acid), 








4 , i 
2 
oer oa eéoxio M 
% — 


(6) The velocity coustant is independent of px of the reaction mixture. 
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(7) The velocity constant is directly proportional to the intensity of radiation 
absorbed by the urany] salt. 


(8) The quantum efficiency is much less than unity. 


An attempt will be made to postulate a suitable mechanism ip a subsequent com- 
munication to explain all the observed facts. 


The authors wish to express their sincere thanks to Sir J. C. Ghosh, Kt., D.Sc., 
F.N.I., for his keen interest in the work. 


DEPARTMENT OF GENERAL CHEMISTRY, 
INDIAN INSTITUTE OF SCIENCE, Received April 2, 1952. 
BANGALORE. 








Jour. Indian Chem. Soc., Vol. 29, No. 10, 1952] 


OBSERVATION ON THE ACIDIC PROPERTIES OF JUTE FIBRE 


By W. G. MACMILLAN AND A. B. SEN GupTA 


The free acidity of jute fibre has been found due to the presence of a small amount of free uronic 
-COOH groups, major portion of which occurring in jute exists in the combined state, a part being 
occupied with cations and the remainder in combination with lignin through an ester linkage. Jute 
on being reacted with a caustic soda solution, yielded a considerable amount of acetic acid indicating 
that the acetic acid residue was attached io the fibre through the intervention of an ester linkage. The 
major portion of acetic acid residue (at least 84.4%) could be identified in the carbohydrate fraction, 
while the remainder was eliminated during isolation of holocellulose. A_ partial hydrolysis 
of both the esters which were, however, hydrolysed completely after a 3-hour treatment with 0.4% alkali, 
appeared to be responsible for the failure of the procedure of Neale and Stringfellow for{the determination 
of free acidity in jute. During the hydrolytic reactions, a portion of uron‘c acid was el:minated due 
to the solubilising action of the alkali and the decrease in aldehydic content was attributed to the 
formation of new acidic bodies involving possibly a Cannizzaro type of reaction. Although the major 
part of the reducing group occurring in jute could be traced in the carbohydrate fraction, a small 
portion, however, was likely to be associated with lignin in situ. When hydrolysed jute or isolated 
holocellulose was subjected to the action of alkali, besides the Cannizzaro reaction, some oxidative 
changes took place in the carbohydrate fraction of jute. It seemed possible from the results obtained 
that a portion of lignin in hydrolysed or unhydrolysed jute was combined with the holocellulose fraction 
through a glucosidic linkage, the breakdown of which made the material chemically more reactive. 


It has been established that jute is an acidic fibre and the acidity is mainly attri- 
buted to the carboxy! (—COOH) groups of the polyuronide residues. Sarkar and his 
co-workers (J. Text. Inst., 1947, 38, 1318) have shown that although the major portion 
of the ~COOH groups occurring in jute is combined with basic ions such as Ca, Mg, 
Fe, etc., a small fraction exisis in the free state and it is this fraction which is respon- 
sible for the acidic reactions of the fibre. 

The amount of free and combined ~COOH groups in a ceilulosic fibre can be 
ascertained by measuring the ionisable H* by means of various direct titration methods 
before and after removal of cations by the action of a dilute mineral acid. Sarkar and 
his collaborators (loc. cit.) have observed that most of the direct titration methods used 
for cotton, and oxy- and hydro-celluloses are, as such, unsuitable for jute unless proper 
modifications are employed. For example, the procedure of Neale and Stringfellow 
(Trans, Faraday Soc., 1937, 88, 881), which is widely used for the determination of 
acid value iu cellulosic substances and claimed to be onc of the most accurate methods, 
entirely fails when applied to jute. In this method, the material is subjected to the 
action of an excess of caustic soda solution in presence of sodium chloride solution 
for } hour, and the amount of alkali used up in the reaction is measured by back titrating 
the unreacted alkali with a standard acid. In case of jute, however, it has been noted 
by Sarkar etal. (loc. cit.) that the acid value of the fibre progressively increases 
with the amounts of “‘excess’’ caustic soda initially added, and this has been attributed 
to partial absorption of the alkali by jute fibre. 
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When jute is treated with a solution of sodium chloride a reversible reaction 
JH + NaCle==JNa + Hel 


(where JH represents the jute acid) takes place, which can only be brought to comple- 
tion if the liberated acid is continuously removed from the sphere of the reaction. On 
this basis a method has been proposed by Sarkar et al. (loc. cit.) for determination of 
the correct acid value of jute, which consists in suspending the finely cut material in 
N-NaCl solution and titrating the liberate* HCl by adding a standard alkali dri pwise 
with constant shaking so as to avoid any excess of alkali, while on the other hand, 
HC! is neutralised as soon as it is generated. 


The polyuronide content of a cellulosic substance is generally obtained from the rate 
ot evolution of CO, on heating the sample with 12% HCl, when the -COOH groups 
of the polyuronide fraction are decomposed into carbon dioxide at a much quicker rate 
than other sugar residues (Whistler, Martin and Harris, Teat. Res., 1940, 10, 109; 
Cambell, Hirst and Young, Nature, 1938, 142, 912). The acid value of cation-free jute 
obtained by the direct titration method accounts for only a fraction of the value calcula- 
ted from the yield of the polyuronic CO,. It is probable therefore that a portion of 
the —COOH groups associated with the polyuronide content is in some sort of chemical 
combination with the other plant constituents. ‘The possibility of the existence of a 
chemical union between hemicelluloses and lignin in a lignccellulosic substance has been 
postulated by several previous workers in this field. Recently Surkar et al. 
(loc. cit., J. Text. Inst., 1948, 39, Tr) have claimed that, in jute the-OH group 
of lignin exists in combination with the COOH of the polyuronide fraction 
through the intervention of an ester linkage. Experimental evidence which 
these authors have put forward in support of this view is that the acidity of jute, 
measured by direct titration with an alkali, shows an increase if the material is subjected 
to a hydrolytic treatment prior to the determination. Thus, on reacting jute with dilute 
NaOH (0.25 to 1%) for 3 to 1 hour at room temperature or with acidic NaCiOg (0.7% ) at 
an elevated temperature for 2 hours with a view to isolating holocellulose (Chattopadhyay 
and Sarkar, Proc. Nat. Inst. Sci., 1946, 12, 23), foilowed by the removal of associated 
cations, the acid value of the treated material agrees approximately with that calculated 
from the yield of uronic COg. 

The present work was initiated with the object of finding out the probable reason for 
the failure of the procedure of Neale and Stringfellow (loc. cit.) when applied to ju‘e, 
since the explanations put forward by Sarkar and others seemed to require further 
confirmation. Further, if the polyuronide and lignin molecules are interlinked through 
an ester linkage, which is 2asily hydrolysed by the action of dilute NaOH, it seemed of 
importance to examine the course of the reaction in order to study the rate of hydrolysis. 
In’ the meantime, Bhattacherjee and Callow (J. Text. Inst., 1952, 48, T 53) have 
obtained results which show that two different ester groups occur in jute ; one is that 
postulated by Sarkar et al. (loc. cit.) and the other involves the combination of acetic 
acid with-OH groups from other jute components. ‘These authors have also studied 
the rate of hydrolysis with 0.25% caustic soda and the hydrolysis of both of the two 
ester linkages appears to be responsible for the progressively greater acid value of jute 
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with the increased amounts of alkali in the procedure of Neale and Stringfellow. It was 
thought desirable, however, to publish the results obtained in the present investigation, 
which supplements that already done by Bhattacherjee and Callow (loc. cit.). 

Pacsu (Text. Res., 1945, 15, 354) has observed that when an almost neutral 
aldehydic oxycellulose is treated with a dilute caustic soda solution at room temperature, 
production of acidic compounds takes place, with simultaneous darkening of the solution 
due to Cannizzaro and other similar types of reaction. Sarkar and his co-workers 
(Science & Culture, 1948, 18, 298) have, however, shown that no such acidic products 
are formed when jute is acted upon by caustic soda during the determination of acid 
value by direct titration in sodium chloride medium. In fact, under the above 
conditions, the possibility of any such reaction is at its minimum, because no excess 
alkali is added during the titration. On the other hand, it is not unlikely that when 
jute is treated with an excess of NaOH either for hydrolysis of the polyuronide ester or 
for the determination of acid value in the procedure of Neale and Stringfellow, 
Cannizzaro type of reactions will occur, generating fresh acidity at the expense of the 
aldehydic groups. It was therefore decided to examine the above possibility when jute 
fibre was acted upon by an excess of alkali. 


Since it is believed that the acetyl group is associated with the carbohydrate 
fraction of a lignocellulose, namely wood (Ritter and Kurth, Ind. Eng. Chem , 1933, 
25, 1250), it was considered of importance to extend the investigation witha view to 
ascertaining whether all of the acetyl groups occurring in jute could be detected in the 
holocellulose isolated by the action of sodium chlorite. 


EXPERIMENTAL 


A sample of white jute (Atrai variety), cut into small pieces, approximately 1/8” in 
length, was dewaxed by extracting with a mixture of alcohol-benzene (1:2) for 12 hours, 
washed successively with alcohol and water, and dried in the room atmosphere. The 
removal of cations from jute was effected by steeping the dewaxed sample in N/1o HCl, 
using a liquor ratio of r00:1, for an hour at room temperature and washing the material 
with distilled water until the filtrate was neutral to bromothymol blue indicator. Jute- 
holocellulose was prepared by heating the dewaxed sainple with acidic sodium chlorite 
{0.7% at pu 4), using a liquor ratio of 50:1 at the temperature of the boiling water-bath 
for 2 hours, followed by washing with sodium bisulphite, the cationic substances being 
removed by the action of the hydrochloric acid as described. All the samples were con- 
ditioned at 22° and 65% R. H. and the experiments were performed with conditioned 
samples throughout the work with the results expressed on the oven-dry (at 105°) weight 
of the substance. 


Effect of Different Concentrations of Caustic Soda on Jute and 
Isolated Holocellulose 


Several samples of dewaxed and cation-free jute, and cation-free holocellulose, each 
weighing 0.5 g., were treated separately with 20 c.c. NaOH solution of different con- 
centrations for 1 hour at room temperature {26°-29°). [Preliminary experiment showed 
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that a small variation in acid value occurred on catrying out the reaction in an open 
vessel, whereas reproducible values could be obtained when the treatment was carried 
out either in presence of nitrogen or in a stoppered flask, and consequently the latter 
procedure was used in the work described. After the reaction, 50c.c. of N-NaCl were 
introduced in the flask and the whole titrated against standard N/10-H,SO, using 
phenolphthalein as the indicator. The neutralised solution was then boiled (with 
occasional addition of water, if necessary) and the pink colour developed due to con- 
version of bicarbonate into carbonate was immediately stopped by the addition of 
requisite amounts of standard N/s50-H,SO,. Heating was continued until no further 
alkalinity was detected, usually 1 to 14 hours’ boiling being found to be sufficient 
Parallel blank experiments were also carried out and the acid value was calculated from 
the total amount of alkali consumed by the material. The initial free acidity of the 
material was estimated by .adding a standard NaOH solution (N/50) dropwise to 
a suspension of the sample in N-NaCl (50 c.c.) with phenolphthalein as an indicator until 
the pink colour persisted at least for one minute. ‘This method gave an almost identical 
result to that obtained by using the bromothymol blue indicator, as recommended by 


Sarkar etal. (loc. cit.). 


TABLE I 


Effect of different concentrations of alkali on the acid value. 


*Acid value of 
Dewaxed Cation-free Cation-free 


jute. jute. holocellulose. 
2.8 " 210 

3065 340 

46.2 5 64.0 

7340 80.2 93.6 

95-1 101.6 107.0 

103.1 110.8 108.6 


102.8 110.5 108 7 
* Expressed in milliequivalent per roo g. of oven-dry dewaxed jute 


The results given in Table 1 show that the acid value of each sample increases 
progressively with the alkali concentration untila maximum is reached. This increase 
in acid value does not seem to be due to the absorption of alkali by the fibre, because 
had the alkali been absorbed, it would have again reacted with sulphuric acid during 
titration, specially when the material was boiled in presence of acid. On the other hand, 
it appears more likely that the higher yield of acidity is caused by neutralisation of the 
added alkali through the gradual production of acidic bodies from the sample as a result 
of the increasing concentrations of alkali, and possibly due to hydrolysis of ester linkages 
occurring in the fibre. The increase in the free acidity of jute from 2.8 to 10.1 after 
the. removal of cations gives the measure of the ~COOH groups occupied by metallic 


o/ 


ions. Further, since the total acidity of the holocellulose sample expressed as % 
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of dewaxed jute (108.7) is lower than that of the cation-free jute (110.5), it is probable 
that a portion of the acid groups of jute has been eliminated during delignification. 


Effect of the Time of Treatment with 0.4% Caustic Soda on Cation-free Jule 


If the increase in acidity of jute accompanied by the alkali treatment is due to the 
hydrolysis of ester groups, it can be expected tiat breakdown of the linkage will 
proceed with a definite rate at a particular concentration of alkali. Experiments were 
therefore carried out with several samples of jute (0.5 g.), which were treated separately 
with 20 c.c. of 0.4% NaOH for different periods at room temperature (26°-29°), and 
the total acidity was determined as described above. ‘The results are shown in Table IT. 


TABLE II 
Effect of time of treatment on acid value. 


Time (mins ) 5 10 39 60 120 180 300 
Total acidity : 5 72.3 87.0 101.6 106 9 110.7 110 8 


The reaction appears from Table II to be very rapid at the beginning and then 
slows down considerably. Completion of the reaction is, however, attained after 3 
hours of treatment, because no increase in acid value is noted on further prolonging 
the reaction time. 

Further experiment showed that tlie free acidity of the fibre treated previously 
with 0.4% NaOH for 3 hours, followed by washing with hydrochloric acid and water, 
was found to be 19.1 milliequivalents, which was only a small fraction of the total 
acidity of the cation-free dewaxed jute (110.7). It seems probable therefore that water- 
soluble acid of lower molecular weight than that of uronic acid is produced by the 
action of alkali and during water washing of the NaOH-treated and HCl-washed resi- 
dual fibre, the water-soluble acid has been eliminated, thereby escaping its detection 
when the residual fibre is estimated for the free acid contents. 

Ritter and Kurth (loc. cit) have shown that acetyl groups occur in wood and the 
possibility of the existence of such groups in jute has been demonstrated by Callow 
and Speakman (J. Soc. Dyers & Col, 1949, 65, 758). In the present investigation 
it was observed that jute after subjecting to a hydrolytic treatment with caustic soda, 
followed by acidification with sulphuric acid, gave a steam volatile acid. The white 
residue obtained after neutralisation of the distillate with caustic soda and evaporation 
to dryness, evolved an acid on acidification with sulphuric acid, and acetic acid was 
confirmed by preparing ethyl acetate and by the cacodyl test. The absence of formic 
acid in the distillate was demonstrated by the addition of mercuric chloride to a con- 
centrated solution of the distiliate when no precipitate was noted. 

Additional experiments were carried out to determine the free and total acidity, 
and acetic acid contents of the residual jute obtained after various times of treatment 
with 0.4% NaOH. Samples of dewaxed jute (each weighing 4 g.) were reacted separate- 
ly with alkali (160 c.c.) for different periods at room tempeiature, washed, freed from 
cation and air-dried. ‘The free acidily of the residual material was estimated by titra- 
ting the sample (0.5 g.) in sodium chloride medium and the total acidity by treating 
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the material (0.5 g.) with 0.4%° alkali for 3 hours and back titrating the excess alkali 
as described. For the determination of acetic acid content, the sample ‘0.5 g.) was 
hydrolysed with N-NaOH (25¢c.c.) for 13 hours at the room temperature, acidified 
with 2N sulphuric acid (25¢.c.) and the volatile acid recovered by steam distillation. 
About 400 c.c. of the distillate was collected and titrated against a standard N/25- 
NaOH, using phenolphthalein as an indicator. A blank experiment with all the re- 
agents used was also similarly carried out and from the difference of these two values, 
acidity due to acetic acid was calculated. 


TABLE III 


Effect of time of treatment on the acid value of the residual fibre* 


Time. Loss in wt. Loss due to Free acidity. Acidity due to Total acidity. 
CH,CO. acetic acid. 

o min. 1.0% _ 10.1 83.5 109.7 
2 2.5 1.3% 10.5 54-4 78.2 
5 3.1 1.9 13°6 38.4 62.5 
10 34 204 15.1 28.2 54-5 
30 3.9 2.9 17.0 17.0 42.7 
60 5-4 3.2 18.0 9.2 341 
180 6.4 3.6 19.1 0.0 24.6 


*Expressed on 100 g. of oven-dry dewaxed jute. 


The major portion of the loss in weight suffered by jute after a short period of treatment 
(shown in Table IIT) is attributable to the loss in CH,CO- content of the fibre. The progres- 
sive increase in free acidity ‘i.e. uronic acid), and decrease in total acidity and acetic acid 
contents of the residual fibre, along with the increased time of alkali treatment, indicate 
the presence of two ester linkages in jute, one involving uronic acid and other acetic acid. 
A 3-hour treatment with 0.4% alkali is required for the complete hydrolysis of each 
individual ester group. Since the acid value due to the uronic acid content of the 
completely hydrolysed jute determined by direct titration 19.1) has been found to be 
considerably less than that of the calculated value (110.7—83.5 = 27.2} obtained by 
subtracting the acidity due to acetic acid content of the cation-free, dewaxed jute from 
its total acidity, it appears probable that a portion of uronic acid is lost by the solu- 
bilising action of the alkali employed for hydrolysis. The fact that the completely 
hydrolysed jute possesses a greater total acidity than that can be accounted for by the 
presence of uronic acid only, indicates that either a Cannizzaro or an oxidative type 
of reaction possibly takes place when the hydrolysed jute is again subjected to the 
action of alkali. Since the alkaline extract of jute is always yellow in colour, it is 
not unlikely that the excess acid generated by this type of reaction is soluble in water, 
thereby escaping its detection when the residual fibre is examined for its free acid 
contents. 


Effect of Alkali Treatment on the Uronic Acid Content 


If jute fibre suffers a loss in uronic acid content by the action of alkali, it is possible 
to measure the extent of this ioss by comparing the yield of uronic CO, from unhydro- 
lysed jute with that of hydrolysed material. With this object in view, a sample of 























OBSERVATION ON THE ACIDIC PROPERTIES OF JUTE FIBRE 743 


cation-free jute (2 g.) was heated with 12% HCl for 6 hours in a current of purified 
nitrogen, the evolved CO, being determined gravimetrically by the procedure of 
Whister et al. (loc. cit). The yield of uronic CO, was ascertained from the rate of 
evolution of CO, by extrapolating the straight portion of the curve, mg. of CO, per 
g./time, to y-axis (Fig. 1). The cation-free completely hydrolysed jute was similarly 
examined for its uronic CO, content. The acid values obtained from the CO, yield 
of the unhydrolysed and hydrolysed samples were 24.8 and 19.1 (milliequivalents per 
100 g. of dewaxed jute) respectively, confirming thereby that a portion of uronic acid 
was solubilised by the action of alkali during the hydrolytic reaction. Further ex- 
periment showed that the delignified treatment applied for the isolation of holocellulase 
had. practically no effect on the uronic CO, contents of the fibre. 
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Possibility of a Cannizzaro Type of Reaction in presence of a dilute Alkali 


A reaction of this type is always accompanied by a decrease in aldehydic contents, 
a measure of which can be obtained from the copper number of the material, and in 
orjer to examine the possibility of any such reaction occurring in jute, the effect of 
the hydrolysing treatment on :he variation of the copper number was investigated. 
For the estimation of copper number, a finely cut (1/16” length) sample (0.5 g.) was 
heated in boiling water for 3 hours with a mixture of 5 c.c. copper sulphate and 45 c.c. 
alkali solutions by adopting a slightly modified procedure of Schwalbe-Braidy (Dorée, 
“The Method of Cellulose Chemistry’’, 19047, P. 31), a mean of two determinations 
being taken. The copper number of different samples expressed on dewaxed jute is 
given in Table IV. 

TABLE IV 
Effect of alkali treatmeni on the copper number. 


Sample Cation-free Sampie (a) treated Sample (b) treated Holocel- Sample (c) treated 
used. jute (a) with alkali* (b). with alkali*. lulose (c). with alkali. 
Cu No. 2.01 1.24 1.05 1.22- 0.22 





4 Treatment was ¢arried out by reacting with 0.4%£NaOH for 3 hours followed by washing with HC! 
and water, 
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Since the copper number of both the jute and holocellulose samples decreases 
considerably after the alkali treatment, a reaction of the Cannizzaro type seems probable 
under these conditions. 


Location of Acetyl Group in Jute 


The acetic acid content of the isolated holocellulose was found to be 70.5 milli- 
equivalents (per 100 g. of dewaxed jute) while that of the untreated jute was 
83.5. This lowering of the acetic acid content accompanied by delignification 
did not appear to be caused by any hydrolytic action of the acidity of the 
chlorite solution since mo decrease in acetic acid could be detected in jute 
which had previously been subjected only to the action of buffer solution, used for 
maintaining the fx of the delignifying reagent. Even if the entire portion of the 
acetic acid residue was attached to the jute carbohydrate fraction, a small portion 
(15.6%), however, appeared to be hydrolysed and removed by the action of sodium 
chlorite during delignification. 


DISCUSSION 


The increase in free acid content of jute from 2.8 to 10.2 milliequivalents (Table I) 
after the removal of cations appears to give a measure of the uronic-COOH group 
occupied with metallic ions. A further increase in acid value to a maximum of 19.1 
(Table IIL) has been observed on treating the material with dilute caustic soda solution, 
followed by usual washing with acid and water. Since the free acidity of the fibre 
shows a progressive increment with the time of alkali treatment, it appears very likely 
that this is due to gradual hydrolysis of the ester linkage, between uronic acid and 
lignin, as suggested by Sarkar et al. (loc. cit.). 

When the cation-free jute is reacted with an excess of caustic soda, the amount of 
alkali consumed by the fibre is far greater than that can be accounted for by the 
presence of uronic acid only. In the present work, however, it has been noted that a 
considerable amount of acetic acid is generated from jute by the action of caustic soda, 
and because the production of increased amounts of acetic acid occurs with extended 
periods of treatment until a maximum is reached (83.5), it .eems highly probable that 
the acetic acid residue exists in ester combination with the fibre constituents. The 
presence of the major portion of the acetic acid residue (84.4%) can be 
ascertained in the isvlated holocellulose and the rest has been found to be eliminated 
during delignification by the hydrolytic action of sodium chlorite. Furtherinore, after a 
mild treatment with alkali, elimination of acetic acid residue constitutes the major 
portion of the loss in weight suffered by the jute ‘Table IiI). 

The results obtained in the present investigation indicate that hydrolysis of both 
ester linkages can be brought to completion after a 3-hour treatment with caustic soda 
(0.4%) at room teinperature and the production of new acidic groups due to hydrolysis 
seems to-be responsible for the failure of the procedure of Neale and Stringfellow when 
applied to jute forthe determination of its free acidity. 

The total acidity of jute has been obtained by measuring the amount of alkali 
necessary for neutralisation of both free and combined acidic groups in the fibre i.e. by 
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titration the unreacted alkali left after a 3-hour reaction. ‘The uronic acid content of 
the fibre calculated either from the difference of total acidity and that due to acetic 
.cid content of jute (27.2) or from the yield of uronic CO, 24.8) is found to be less 
than the free acidity of the completely hydrolysed material (19.1) when estimated by 
the direct titration method. Since, on the other hand, the free acidity of the hydrolysed 
product corresponds well with its acidity calculated from the yield of uronic CO, (109.1), 
it indicates therefore that a portion of uronic acid is solubilised by the action of alkali 
used for hydrolysis. 

Again, the total acidity of the hydrolysed jute (24.6, Table LII! which does not 
contain any acetic acid residue. has been found to be greater than its free acidity, and 
the yield of total acidity of the isolated holocellulose (108.7, Table Ii) cannot be 
iccounted for by the summation of acidity ‘21.0+70 5=91.5} due to uronic acid and 
acetic acid contents. These observations coupled with the fact that the alkali extracts 
of either jute or holocellulose is yellow in colour suggest that a Cannizzaro type of 
reaction is possibly operative when jute is acted upon by an excess of alkali. A support 
of this view has also been obtained from the observation of decrease in aldehydic content 
as indicated by the reduced copper number after the treatment of jute or holocellulose 
with 0.4% caustic soda. ‘The decrease in copper number does not appear to be caused 
by the solubilising action of alkali on jute components, since the hydrolysing treatment 
is accompanied by the elimination of 2.8% of jute ingredients other than that of the 
CH,;CO- content (Table III), while the decrease in copper number is found to be 38% of 
the total. 

From the theoretical calculation it is seen that for a decrease in copper number by 
unity the corresponding increase in acidity is 3.9. When jute is treated with the 
hydrolysing alkali, the decrease in copper number represented in terms of acid value 
is 3.0, whereas the observed increase is 2.4. The latter value has been obtained by 
subtracting the acid vaiue due to uronic CO, from that of the difference of total acidity 
and the acetic acid contents (27.2—24.8; of dewaxed jute. Again, the production of 
acidic bodies due to the decrease in copper number of hydrolysed jute or isolated holocel- 
lulose on being treated with alkali (0.4%) falls short of the value obtained by direct 
determination. Thus, the calculated extra acid value of hydrolysed jute is 0.7 agajnst the 
observed value of 5.5 (24.6—19.1), the corresponding values in the case of holocellulose 
being 3.9 and 17.6 ‘108.7—91.1) respectively. It seems likely therefore that when 
hydrolysed jute or isolated holocellulose is brought in contact with alkali, besides the 
Cannizzaro reactions, some oxidative changes take place. Since the susceptibility for 
oxidation of the holocellulose sample is greater than that of the hydrolysed jute, it 
appears probable that a portion of lignin in hydrolysed or unhydrolysed jute is in 
combination with the holocellulosic fraction. The breakdown of this linkage, which 
is probably of the glucosidic type, accompanied by delignification seems to be responsible 
for the greater sensitivity of the isolated holocellulose to oxidation. A support of this 
view {i.e. the cleavage of the linkage) can be obtained from the solubility data of these 
samples in 0.4% caustic soda (treated for 3 hours at room temperature), the losses in 
weight of the hydrolysed jute and holocellulose being 1.5% and 16.5% (on the weight 
of the material) respectively. The isolated holocellulose is, however, expected to suffer 
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a greater loss in weight than the hydrolysed jute, because the former sample retains 
some CH,CO- groups and a small amount of hemicelluloses which are easily removable 
by alkali and have already been eliminated from the other sample during the preliminary 
hydrolytic treatment. Even after taking these factors into consideration, the loss 
inflicted in the holocellulosic fraction by the action of alkali is far greater than that of 
the hydrolysed jute. 

Since a considerable decrease in copper number occurs during the isolation of 
holocellulose, it is likely that either a portion ot the reducing group is oxidised by the 
delignifying agent or the lignin in situ is associated with a portion of reducing group 
which is eliminated along with lignin. The former possibility does not seem to be tenable, 
firstly, because the oxidation potential of the chlorite solution is very low and 
consequently is not likely to have a material effect on the carbohydrate fraction ; 
secondly, no increased free acidity can be detected in the holocellulosic fraction. 


INDAN JUTE MILLS ASSOCIATION RESEARCH INSTITUTE, Received April 5, 1952 
CaLCcUTTA—27. 
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HYDRATION OF COLLOIDAL ARSENIC SULPHIDE 


By A. K. M. Trivepi anp M. J. PATANI 


Hydration in the case of arsenic sulphide sols has been investigated by studying the distribution of 
a reference substance between the coagulum and the supernatant liquid, It has been found that when 
the sol is coagulated by low concentration of sodium chloride, the coagulum is hydrated, but most of the 
stabilising ion comes out in the supernatant liquid. The coagulum in this case was found to be 
irreversible. It has been concluded that in order to have the coagulum reversible, it should remain 
hydrated as well as the stabilising ion should be retained by the coagulum. 


Arsenic suiphide sol is usually included amongst hydrophobic sols (cf. Freundlich, 
‘Colloid and Capillary Chemistry’’, translated from the third German Edition, 1926, 
p. 518). There is, however, a considerable ionic antagonism when the sol is coagulated 
with a suitable pair of electrolytes like LiCl+MgCl, etc. According to Freundlich 
(Koll.-Chem. Beih., 1922, 16, 267), this may be taken as an indication that the sols are 
to some extent hydrated. Besides ionic antagonism, viscosity measurements have been 
taken to support the view that particles of arsenic sulphide sol are hydrated (Dumanski, 
Kolloid Z., 1913, 12, 6; 1913, 18, 222). So faras we are aware, however, no direct 
attempt has been made to measure the exteut of hydration in the case of these sols. In 
the present investigation we have attempted to obtain quantitative information about 


hydration by studying the distribution of a reference substance in suitable systems. 


ExPERIMENTAL 


Concentrated sols of arsenic sulphide were prepared as before (Trivedi and Patani, 
this Journal, 1952, 29 683). ‘I'o about 600 ml. of the sol sufficient quantity of dilute sodium 
chloride solution (far below the C. V.) was added. Some coarse particles settled down 
and the supernatant soil, which was of uniform composition, was decanted in another 
pyrex bottle. The subsequent experimental procedure is best divided into two parts. 
In part A, exactly roo ml. of the sol was taken and 1 g. of aluminium sulphate was 
added to it. After some time the particles settled down and the liquid was filtered, 
and washed till free of chloride. The filtrate and the washings were utilised for 
chloride estimation by Volhard’s method. In part B, about 250 mil. of the sol was 
taken in a clean and dry, tightly stoppered pyrex bottle. The sol was cooled by 
keeping it ina mixture of ice and salt for a few hours. By this time, arsenic sulphide 
had settled down and the colorless supernatant liquid was removed in another pyrex 
bottle. After the room temperature was attained, exactly 100 ml. of the liquid was 
taken, r g. of aluininium sulphate was added and the liquid was utilised for chloride 
estimation by Volhard’s method. 

Arsenious acid was similarly estimated in both A and B using 50 ml. of the liquid 
for titration as in the previous paper (Trivedi and Patami, Joc. cit.). In Table I are 
given the estimations of chloride and arsenious acid. 
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Taste I 


Volume (ml.) for roo ml, sol. Volume (ml.) for 100 mi.. Vol. (ml.) of N/10-Iysoin 
supernatant liquid. 


Expt. Wt. of N/TIo- N/to- N/t0 N/t0 N/to- N/10- Sol. Supernat. 
As9S; AgNO, KCNS* NaCl. AgNO; KCNS* NaC! liquid 
(10 ml.sol) added. added. 

I 0 690g. 30.00 4.85 25.15 30.00 4.15 25 85 11.70 11.60 
2 0.594 30.00 1.50 28.50 30 00 0 80 29.20 11.25 10.90 
3 0.434 35.00 8.15 26.85 35 00 7.40 27 60 10.10 9.65 
4 0.416 35.00 6.35 28.65 35.00 5°55 29.45 10.00 9.60 
5 0.388 35.00 12.05 22.95 35.00 I1.55 23-45 10.80 10.65 
6 0.329 35.00 6.15 28.85 35-00 5-70 29.30 10.10 10.05 
7 0.521 35-00 14.00 21.00 35.00 13.25 21.75 8 50 8.50 
8 0.494 35.00 8.40 26.60 35-00 7.60 27.40 8.80 8.75 
9 0.516 30.00 6.95 23.05 30.00 6.25 23-75 11.0 11.05 
19 0.498 30 09 3.30 26.70 30.00 2.55 27.45 10 6 10.95 


Required for back titration. 
DISCUSSION 


It is obvious from the data in Table I that the concentration of chloride in the 
supernatant liquid is greater than that in the original sol. In the first place, therefore, 
it is clear that there is very little, if any, adsorption of chloride by the coagulum. This 
is in agreement with Linder and Picton (J. Chem. Soc., 1905, 87, 1913), Whitney and 
Ober (J. Amer. Chem. Soc., toor, 28, 842) and Kargin and Klimovitzkaja «Acta 
Physicochem., U.S. S. R., 1935, 1, 729). Yadav (this Journal, 1943, 20, 223), on the 
other hand, appears to think that adsorption does take place in the case of arsenic 
sulphide sols. It is difficult to explain Vadav's results, except that he worked with 
comparatively dilute sols, while we have worked with concentrated sols. 

In Table II are given the concentrations of arsenic sulphide (4) in g./litre and those 
of chloride in the original sol (C,) and supernatant liquid (C) are given in m. e./litre. 


TABLE I] 


Reference substance : sodium chloride. 


Expt. A. Co. a D. S. H, V. 
I 69.0 25.15 25.85 (2.548) (1-217) 
2 59-4 28.50 29.20 (2.478) (1.251) 
‘ 43.4 26.85 27.60 1.597 I 941 
4 41.6 28.65 29.45 1.531 2.025 
5 38.8 22.95 23.45 1.820 1.704 
6 32.9 28.85 29.30 2.142 1.447 
7 52.1 21.00 21.75 1.511 2.052 
8 49+4 26.60 27.40 1.692 1.832 
9 51.6 23.05 23.75 1.750 1.771 

10 19.8 26.70 27.45 1 823 1.701 


Mean 1.733 1.809 








Oin. 
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Assuming that there is very little, if any, adsorption of chloride by the coagulum, 
the volume (V! occupied by the coagulum (arsenic sulphide+water of hydration) 
can then be found out. The volume (V) occupied by the coagulum and the apparent 
density (D; of the coagulum are given by the following equations: 


V = 1000 _-& | es bie > 
c 


D= CxA aA can iad a 2 
1o00(C — Cy} 

In every case the density of arsenic sulphide {mean value 1.73) comes out very much 
below the density of amorphous arsenic trisulJphide which is 3.1 (Mellor, “‘A Com- 
prehensive Treatise on Inorganic and Theoretical Chemistry’’, Vol. IX, 1947, p. 273, 
also verified experimentally}. The value of the apparent density (1.73) fairly agrees with 
the observation of Dumanski as explained by Weiser (“‘inorganic Colloid Chemistry’’, 
Vol. III, 1938, p. 178). 


It will be, however, more convenient to consider specific hydrodynamic volume 
‘S. H. V.) as defined by Kraemer (Taylor, ‘A ‘Treatise of Physical Chemistry’’, Vol. 
II, 1931, p. 1615). S.H. V. is the volume of the coagulum per unit volume of arsenic 
sulphide or in other words, it is the ratio of the actual density of arsenic sulphide 
(3.1 g./ml.) to the apparent density of the coagulum (D). In every case, S. H. V 
(shown in the last column of ‘Table II) is much greater than unity. The mean value 
of S. H. V. is about 1.8. This indicates that there is 0.8 g. of water to 1 ml. of arsenic 
sulphide or 
2.8 ,, 1000 


: a = 14.33 millimols. of water per 2. of arsenic trisulphide (taking 
I< 3. 


the coagulum as arsenic trisulphide). This is the value obtained when the sol is coagula- 
ted. in the sol condition therefore the degree of hydration will be somewhat higher. 
It may be pointed out that hydration in the case of arsenic sulphide sol is less than 
that of suiphur solas jound by Bolam and Trivedi (Trans. Faraday Soc., 1942, 38, 140). 


In Table I, in the last two columns are given the amounts of arsenious acid in the 
soi as well as inthe supernatant liquid. It is obvious that nearly 95% of the stabilising 
ion has come out in the supernatant liquid (after allowing for the volume occupied 
by the coaguium). Moreover, the coagulum, obtained by freezing the sol containing 
sodium chloride, was found to be irreversibie aithough it was hydrated as shown above. 
It was pointed out by Bolam and Trivedi (loc. cit.) that in the case of sulphur sol, the 
sol was reversible when coagulated by sodium chloride and irreversible when coagulated 
by potassium chloride or barium chloride. From this, it is concluded that the 
coagulum should remain hydrated in order that it can be reversible. From our experi- 
ments, it is clear that in order that the coagulum be reversible, both the conditions must 
be fulfilled by the coagulum, i.e., the coagulum must remain hydrated and the stabili- 
sing ion must adhere to the coagulum. In the case of sulphur sols, when coagulated 
with sodium chloride, both the conditions were fulfilled and hence the coagulum was 
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reversible. In the case of arsenic sulphide coagulum, only one condition was fulfilled, 
and therefore it was irreversible. This agrees with the opinion of Dhar and Mittra 
(this Journal, 1932, 9, 326). 


The authors’ thanks are due to the Ahmedabad Education Society, for a geuerous 
grant towards chemicals and apparatus. 
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REACTIONS WITH DRY ALKALINE EARTH HYDROXIDES. PART III. 
REDUCTION OF ALKALI NITRATE BY SOLID NON-METALS 
CONDUCTED IN ‘THE PRESENCE OF DRY ALKALINE 

EARTH HYDROXIDES ; 


By J. DATTA 


Alkali nitrates undergo reductions to caustic alkali and ammonia when heated with a mixture 
containing a dry alkaline earth hydroxide and a non-metal like carbon, sulphur, selenium or phos- 
phorus. The transformation to ammonia in the case of the reductions with sulphur and phosphorus 
has been found to be quantitative. The probable mechanism of the reaction has been discussed from 
various standpoints. 


The action that follows on heating an alkali nitrate with carbon is known to be vi- 
gorous with the production of gases like nitrogen and nitric oxide, and the carbonate 
of the respective non-metal (cf. Brown, B.P. 11008/1884). With proper adjustment of 
the reaction temperature the reduction can be limited to the stage of nitrite as well 
(Shah, J. Univ. Bombay, 1943, 11, iii, 56). ‘The nature of the reduction of nitrates by 
other non-metals is known to be almost similar. 

The reduction of NaNO, by carbon, conducted in the presence of dry NaOH, is 
curiously found to give rise to ammonia (Muller and Giesenberger, Chem. Ind., 1800, 
3, 1278). Dittrich (D. R. P. 212203/1909), however, has found that if the same 
reduction is conducted in the presence of Ca(OH)., nitrate is quantitatively transformed 
to nitrite only, the reaction being represented by 


2 NaNO, +C+Ca(OH), = 2NaNO.+CaCO,+H.0O. 


It may be noted that the inode of reductions and the functions served by alkali and 
alkaline earth hydroxides in the above two reactions are entirely different. In the latter 
case, the base does not seem to actively participate in the reaction, but serves the réle 
of a diluent of an otherwise too violent reactions, and also as the absorbent of the 
product of this reduction, viz.,CO.. This difference in the behaviour of two strongly 
basic hydroxides, though of different groups, is rather surprising. The object of this 
work was to make a revisionary study of the above two reductions and also to ascertain 
the nature of the influence that is generally exerted on the reductions of alkali nitrate 
by non-metals, stated above, by the presence of the hydroxides of alkali, alkaline earth, 
and other metal, e.g., Zn(OH),. Besides the two references already cited, the author 
is not aware of any further attempt having been made in this direction. 


ExPERIMENTAL 


Reagents and materials used in this work were the same as described in a previous 
communication (this Journal, 1952, 29, 101). Zu(OH), was prepared in the same way 
as Mg(OH), but dried in the cold in a desiccator. Standard KNO, was prepared by 
thrice crystallising E. P. potassium nitrate from distilled water and drying it at 160°, 
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The procedure followed for determining the products ormed during -the reduction of 
nitrate is given below. 

An intimate mixture of the nitrate (0.5 g.), hydroxide (10 g.) and the respective 
non-metal ‘0.1 ¢.) was introduced into a hard glass test-tube, and compressed, keeping a 
central hole (1 mm. dia.)}. The tube was closed with a seamless velvet cork 
provided with a delivery tube dipping under acidulated water (5c. c.) im another 
test-tube. In each experiment 4 such receivers wete taken, each being replaced 
after about a fourth period of the heating; wherein the products formed in that parti- 
cular period were tested. Other arrangements of the experiment were the same as 
described before (loc. cit.}. Particular care was taken to raise the temperature of the 
mass very carefully so that the fusible hydroxides melted only in the last stages of 
the heating. Ammonia was tested in the acidic washings in the usual way. Nitric 
oxide was detected by the brown colour inside the receivers as also by its characteristic 
smell when the evolution was slight. The solid product of the reaction, left inside 
the charge tube, was extracted with water. Na,S, NaOH, NaNO, etc., were tested 
in this extract, while the oxysalts like carbonate, selenate etc. of the alkaline earth 
metals were examined in the residue. Observations in the reductions with different 
non-metals were as follows : 

In case of reduction with carbon in presence of dry alkaline earth hydroxides, 
the test for ammonia was positive in every receiver. The residue gave prominent tests 
for NaOH and CaCO;. The evolved gas was found to contain CO and H, besides 
NO to a small extent. Inthe same reduction in the presence of NaOH, however, the 
formation of ammonia was noticed only in the last receiver and also in the charge 
tube when the cork was opened. Reduction in the presence of ZniOH), gave no 
ammonia, NO being the only product evolved from beginning toend. No formation 
of nitrite was noticed with any of the bases under the conditions of the experiment. 
When, however, the nitrate was taken in a higher proportion, a noticeable quantity of 
nitrite was formed nevertheless, accompanied by ammonia from the very start of 
the reaction. ~ 

In the reduction with sulphur in presence of dry alkaline earth hydroxides 
aimmonia was found in all the receivers. There was a simultaneous evolution of H.S 
in all the cases; this, however, being most prominent in the case of the reaction 
with Mg (OH),. The residue of the reaction gave tests for Na,S, Na,SO;, and 
sulphite, sulphate and suiphide of alkaline earths, the latter being slight in the case of 
the reaction with Mg{OH!,. Nitrite was found only when the nitrate was taken in a 
higher proportion. Diluting base being NaOH, the test for ammonia was found only 
in the last receiver as also in the charge tube, and with Zn(OH)., there was again no 
formation of ammonia in any of the reactions, there being a profuse evolution of NO 
in the earlier stages of the heating and of SO, towards the last. 


Products from the reduction with Se, alkaline earth or alkali hydroxides mixtures 
were parallel to the respective cases with sulphur, i.e. NH, was found to be freely 
formed in case of alkaline earth hydroxides together with hydrogen selenide, whereas 
with NaOH the formation of NH; was belated. 
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Reduction with phosphorus having been conducted in the presence of alkali, 
alkaline earth and zinc hydroxides, the formetion of ammonia was noticed ‘n all 
the cases from the very beginning of the heating and in all the cases there was 
a vigorous evolution of a gas smelling strongly of phosphine and containing a high 
percentage of hydrogen (varying from 60 to 95%). Im case of the reactions with 
Ba(OH), and NaOH, the gas tended to take fire when in contact with air, particularly 
towards the last stage of heating. The residues from the reactions with alkaline 
earth and zinc hydroxides gave tests for free NaOH. 


Quantitative study of the formation of ammonia obtained from the reduction of 
standard KNO, by the action of carbon etc. was conducted in the presence of calcium 
and magnesium hydroxides, Ba(OH), being found unworkable due to its fusible 
nature. A hard glass test tube was chosen, and at its bottom a mixture of anhydrous 
CaCl, and Ca(OH), (3g. +2g.) was placed and covered with water, and allowed to 
solidify. The solid thus formed was covered with 2g. of Ca(OH), powder. The 
mixture of the nitrate, non-metal and the hydroxide chosen (the first weighed accu- 
rately), was next introduced and compressed as usual keeping a central hole (1 mm.). 
Any empty space left inside the tube was filled up with grannules of CaO. The test 
tube was arranged in the same way as described under qualitative tests, the delivery 
tube in this case dipping under acidulated water kept in a conical flask (300 c.c.). 
The heating at the first stage of the experiment was localised only towards the upper 
region of the tube, particularly on the portion containing the charge. The flame was 
at first placed at least 2 inches below the tube, and the latter was frequently rotated in 
order to ensure an uniform heating. Gradually the temperature was raised and at the 
last stage it was taken to a dull red heat, when the Jower region containing the CaCl, 
was also heated to expell the water which carried away all the ammonia from the solid 
mass. The flask containing the acid was then arranged in an arrangement as suggested 
by Niebling (Chem. Zig., 1890, 18, 1670) and ammonia titrated as usual was estimated 
as nitrogen. Results of different experiments are shown in the following table. 


TABLE | 
Reduction of KNO, to ammonia. 


A. With Ca(OH) :—carbon. 


Expt. Wt. of Wt. of Wt. of the Nitrogen content % Transformation 
No. the base. KNO3. non-metal. Found. Calc. to ammonia. 

a 5 2: 1.00 g. 2.0 Z. 0.0340 g. 0.1386 g. 245 

b 5 0.50 1.0 0.01910 0.0603 27.4 

¢ 5 0,20 0.5 0.0090 0.0277 32 5 

d 5 0.10 0.5 0.00493 0,01386 35-5 


5—1801P--10 
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TABLE I ‘contd.) 


Expt. Wt. of Wt. of Wt. of the Nitrogen content % Trausformation 
No. _ the base. KNO; non-metal Found, Cale. to ammovia. 


B. With Mg(OH),—carbon. 


a 10 g. 1.0 g. 2.08 0.02570 g. 0.1386 g. 185 
b 10 0.5 1.0 0 01476 0,0€937 27.3 
c 10 O72 - O.5 0.00724 0.02772 26.1 
d 10 0.2 0.5 0.00466 0.01386 33 6 


C. With Ca(OH)2—sulphar. 


a 52: 0.1 g. 0.10 g 0.01325 g- 0.01386 g. 95-6 
b 5 0.1 0.25 0.01364 0.01386 98.4 
c 5 OI 0.50 0.01380 0.01386 99-6 
d 5 0.? 1.00 0.01386 0.01386 100.0 
e 5 0.1 1.50 0.01382 0.01386 99-7 
f 5 0.1 2.59 0.01248 0.01 386 90.0 
2 5 0.1 5.00 0.00000 0 01386 ) 


D. With Mg(OH).—sulphur 


a 5.0g. OI g. 1.5 g- 0.01289 g. 0.01386 g. 93:0 
b 75 0.1 15 0.01378 0.01386 69.4 
c 10.0 0.1 1.5 © 01380 0.01386 99-4 


E With Ca(OH),—selenium. 


4 5-0 g. 0.1 g. 1.0 g. 0.006445 g. 0.01386 g. 46.5 
b 50 0.1 1.5 0.007345 0 01386 53-0 
c 5.0 0.2 2.0 0.015916 ©.02772 57.4 
d 7-5 03 2.5 0.022121 0.04158 53-2 


F. With Ca(OH),—red phosphcrus 


a 5 2. oI g. 0.1 g. 0.01291 g. © 01386 g. 93.1 
b 5 O.I 0.2 0.01330 0.01386 95.9 
c 5 O.1 93 0.01368 0.01386 7 
d 5 0.1 05 0.01360 0.01386 98.0 
e 5 0.1 1.5 0.01250 0.01386 go.1 
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Quantitative study of the evolution of ammonia corresponding to sulphur taken 
as unit and nsing progressively increasing quantities of nitrate (hydroxide being taken 
as usual in large excess) was made in a separate set of experiments. The procedure 
was the same as before, an additional precaution being ‘taken to cover the charge 
mixture on both sides with 1 g. of the same base and nitrate mixture as was 
used in the respective experiment. The intention was to bring any sulphur that 
might sublime on the either side into the zone of action. The titrated ammonia was 
calculated as nitrogen and from the results obtained the quantity of nitrogen obtained 
aS ammonia per g. of sulphur reacted in each experiment was calculated. The results 
are shown in Table II. 


TABLE II 
Expt. Wt. of Wt. of Wt. of Wt. of N Yield per g. 0 
No Ca(OH)». sulphur. KNO3. evolved as NH3. S reacted. 
a 2-5 g. O10 g. 0.30 g- 0.01092 g. 0.1092 g+ 
b 50 0.20 0.80 0.02182 0.1091 
c 5.0 0.32 1.50 0.03480 0. 1c88 
d 5.0 0.20 3.00 0.02030 0.1015 


DiscuSsSION 


It can be seen from the qualitative studies given above that an alkali nitrate being 
heated with any solid non-metal in the presence of any dry alkaline earth hydroxide 
is reduced to ammonia and caustic alkali. The caustic alkali is obtained in the free 
state only in the reaction with carbon and phosphorous ; with others, e.g. sulphur 
and selenium, it is, as is quite natural, transformed to the salts of the acidic hydrides 
generated simultaneously. An idea of the temperature at which the reactions take 
place can be gathered from the observation that the evolution of ammonia in case 
of the reaction with dry Ba‘OH),. starts even before the base begins to melt, in other 
words, before a temperature of 330° is reached. When the reductions are conducted 
in the presence of NaOH with either C, S or Se as reductant, the same formation of 
ammonia is noticed, remarkably however, not in the earlier stages of the heating 
but only towards the close of the experiment, when the base attains a fully 
molten condition. When phosphorus is used as the reductant, ammonia, PH, 
and hydrogen are formed with same readiness as in the case of alkaline earth 
hydroxides. The presence of Zn(OH), has not been found to be particularly conducive 
to characteristic formation of ammonia, not a trace of this being found in the reductions 
with C, S or Se. With phosphorus, however, there is again the same formation of 
NH;, PH; etc. as noticed in the case of alkali or alkaline earth hydroxides. 
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An interesting point which emerges out of the qualitative studies given under 
carbon is that nitrite is conspicuously absent from the products of the reduc- 
tions. It is, however, present in the cases where the proportion of the nitrate in the 
mixture is higher than that of carbon, but even in such cases there is the simultaneous 
formation of ammonia too. ‘These observations, are at variance with the findings oi 
Dittrich (loc. cit.). 


It is obvious that the formation of ammonia observed in the cases stated above can 
arise out of the suppression of the direct reaction between the nitrate and the non- 
metals taken, and of the replacement of the same by another where the hydrogen of 
the hydroxides takes the active part. The volatility of sulphur and phosphorus (red 
getting transformed to the yellow variety as is actually found to occur) helps them 
to get permeated through the large mass of the base. If the nitrate content in 
the mixture is low, the possibility of its direct reaction with sulphur can 
thus be totally avoided. This effect is reflected in the total transformation of the 
nitrogen in KNO, to ammonia in the cases of the reductions with the said non-metals 
(Table I, c-F.}. It is, however, to be noticed that these quantitative formations 
are obtained only under some ideal condition i.e., when the concentrations of the reduc- 
tants are neither too high nor too small and that of the diluting hydroxide quite large. 
It has been found that one part of nitrate on being mixed with 3-15 times its weight of 
sulphur and about 50 parts of lime or too times of magnesium hydroxide, and heated, 
is transformed quantitatively to ammonia. The position in the case of phosphorus reduc- 
tion is more or less the same. With increasing proportions of nitrate in the mixture 
the yields of ammonia show a gradual fall and finally, when the proportion of the 
nitrate is too high (the same as that of the diluting hydroxide), it totally disappears 
(Table Ic, expt No. f&g.). These results thus arise out of the onset of the direct 
reaction between the nitrate and the non-metals and the consequent loss of nitrogen as 

. NOetc. Quantitative formation uf ammonia with selenium has been found to be poor 
in comparison with that of sulphur or phosphorus (Table lz). This element possesses 
little volatility and can scarcely act in the same capacity as S or P. Consequently the 
direct contact and resulting action with nitrate particles can hardly be totally eliminated, 
an effect which results in the loss in the yield of ammonia as explained above. Even 
poorer yields uf ammonia in case of the reduction with carbon is undoubtedly due to 
the same cause (Table Ia, 8). Mg(OH), in all the quantitative studies appears to behave 
with the same efficiency as Ca(OH),. A larger quantity of the former, however, 
has always been found necessary to attain the same results as with a much lower pro- 
portion of the latter. This is due to the coarser nature of Mg(OH),, this being only 
too mesh, while Ca(OH), is inpulpable. The reason for the formation of ammonia in 
the case of the reduction with P-Zn(OHj, mixture is easily understood. It is well 
known that Zn(OH), is an unstable hydroxide and evolves water when heated conti- 
nuously from 30° to 300°, and that phosphwrus reacts readily with steam with the for- 
mation of hydrogen, the latter being in the nascent state is quite likely to reduce the 
nitrate present in situ to ammonia. This explanation can be extended with some 
difficulty in the case of the reductions in the presence of Mg(OH),,. but totally fails 
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when the diluting bases are Ca(OH),, BatOH), or NaOH, since the first two are known 
to dissociate freely at 556° and 998° respectively (Jhonston, Z. physikal. Chem., 1908, 62, 
330) (whereas the temperatures of such reactions need not be made to exceed 300°) and 
NaOH, with which the identical reaction has been found to take place, though at higher 
temperatures, is a perfectly stable hydroxide showing little dissociation even at its 
boiling point. Moreover, unlike phosphorus, selenium is not known to have any reaction 
with steam ‘Cross and Higgins, J. Chem. Soc., 1879, 35, 249) and the case of sulphur 
is under considerable doubt, one schol definitely opining in the negative (cf. Gelis and 
Graf, Compt. rend., 1863, 56, 1014). With carbon steam reacts only at bright red 
heat, a neighbourhood never reached in such reactions. Plausibly the reduction of 
nitrate to ammonia is affected due to the reduction by the hydrides which are in all 
the cases excepting that of carbon, simultaneous products of the reaction. This possi- 
bility, however, is negatived from the observations from a different quarter. The 
results in Table II show that the yields of ammonia per g. of sulphur reacted is parcti- 
cally independent of the change of the nitrate concentrations. The relevant experiments 
were found to be associated with evolution of hydrogen sulphide, which was parti- 
cularly copious in the estimations with Mg(OH), as the diluting base, wherein too, 
identical results were obtained, i.e., yield of ammonia per g. of sulphur treated was 
found the satne as in the case with Ca(OH), stated above. This constancy in the yield 
of ammonia in face of the varying evolutions of the hydride and of the nitrate concen- 
tration clearly indicate that the formation of ammonia cannot be due to the reducing 
action of H,S. It can next be supposed that the reduction of nitrate to ammonia is 
effected as the result of an independent reaction represented by the simple formula, 


KNO, + 2Ca(OH).+ 2S = KOH+NH, + 2CaSQy. 


This equation, it may be seen, visualises the formation of 1 g. mol. of NH; out of the 
reaction of 2g. atom of sulphur, in other words, 0.21875 g. of nitrogen as ammonia 
per g. of sulphur reacted. Conducting the experiment under ideal conditions (i.e. with 
the quantities of nitrate sufficient to interact the sulphur taken and with large excess 
of diluting hydroxides) it has been found that the yield of ammonia is exactly half of 
the above stipulation, i.e, 0.1092 g. of N as ammonia per g. of sulphur reacted (cf. 
Table II). This finding calls into question the accuracy of the equation given 
above. 

The reduction of alkali nitrate to caustic alkali and ammonia is characteristically 
brought about by -hydrogen gas when under the influence of pressure and heat and 
in the presence of catalyst (Ingeberg). The reduction of nitrate to ammonia by the 
action of metals like Al in the presence of aqueous alkalies is due to the action of nascent 
hydrogen expelled from the base (Davarda, Z. anal. Chem., 1894, 38, 113), and so does 
it appear in case of the reduction by the same metals in the presence of fusible hydro- 
xides (cf. this Journal, 1952, 29, 465). Vournasos (Compt. rend., 1910, 1650, 
464) has shown that nascent hydrogen generated in the dry state can reduce non-metals 
like P,S,Se etc. to their hydrides, if present in situ. In the case under reference, it 
can be argued that nascent hydrogen is generated by the action of non-metals on dry 
hydroxides, which in its turn attacks the electronegative radical present in situ, an 
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effect which is manifested in the reduction of nitrate to ammonia etc. of the non-metals 
excepting carbon to their hydrides and other characterestic reducing effects, as will be 
described in later works. This hypothesis can be well supported by theoretical argu- 
ments, and various experimental findings can be explained only on its basis. A full 
discourse about the same would probably be better undertaken after the exposition of a 
few more examples of the reducing effects of alkaline earth-non metal mixtures, and 
of the identical effects produced by dry LiOH. 


Sripat SINGH COLLEGE. Received November 9, 1951 
JIAGANJ, MURSHIDABAD 
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COAGULATION OF COLLOIDS. VARIATION OF TIME OF COAGULA- 
TION WITH CONCENTRATION OF ELECTROLYTES PART IV. 
STUDIES WITH FERRIC HYDROXIDE SOL 


By RAMA KUMAR AND ABANi K. BHATTACHARYA 


The relation c=a+b/t was found in previons communications of this series to be satisfactory in 
matiy cases, where ‘t' is the time of coagulation observed with concentration ‘c’ of the electrolyte, and 
‘a’ and ‘b’ are constants. This linear relation between ‘c’ and ‘1/t' was. however, not observed for some 


electrolytes, but curves of hyperbolic natur: were obtained in all such cases, which could be represented 
by a more general equation 
¢z@ 4 msit 
n+1/t 


The work has been extended to ferric hydroxide sol and the observations have been found to agree with 
the foregoing equation An attempt hac been made to interpret the constants ‘m’ and ‘n’. 


In our previous communications ‘this Journal, 1951, 28, 179, 638) we observed that 
when arsenious sulphide sol was coagulated with monovalent cations and with Ba”, Sr’’, 
Al’ and Th'** ions, the relation between the concentration ‘c’ of the electrolytes and 
time of coagulation ‘t’ could be represented by the equation c = a + b/t, where ‘a’ and 
‘b’ are constants. 

On the other hand, it was also observed that coaguiation of the same sol by several 
other bivalent ions like Zn’’, Mn**, UOg did not give a straight line, when ‘c’ was 
plotted against ‘1/t’, In such cases, the ‘c’ and ‘1/t curve was characterised by a bend 
at higher concentrations of the electrolyte. The curves so obtained resembled a hyper- 
bola, and hence, the experimental resuits were tested by a more general equation, 

m. 1/t 


c=at ——, 
n+ rt 


which is reduced to the simple form c = a + b.1/t, when ‘n’ is very large as compared 
to ‘1/t’. It was interesting to observe that the experimental results agreed quite satis- 
factorily with the above equation. 

In this paper our observations on the coagulation of ferric hydroxide sol by a number 
of electrolytes have been recorded. 


ExPERIMENTAL 


About 20g. of A. R. FeCl; was dissolved in one litre of water. Approximately 
2N ammonium carbonate ‘A. R.! was gradually added to the ferric chloride solution 
up to the point just short of precipitation of ferric hydroxide, so that enough ferric 
chloride remained to peptise the sol. The sol was then dialysed for several days till it 


was almost free of chloride ions. 
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The method of determination of time of coagulation was based upon the visible 
separation of clear liquid at the surface. The above method has usually been found 
to be satisfactory for determining the comparative values of the time of coagulation 
for different concentrations of the electrolyte added (vide Freundlich, “Colloid and 
Capillary Chemistry’’, 1926, pp. 416-417 ; Hartman, “‘Colloid Chemistry’’, 2nd Edition, 
1948, p. 272}. 

The method of determining the time of coagulation for different amounts of electro- 
lyte was the same as that described in previous parts loc. cit.). The reciprocals of 
the time of coagulation determined as above was plotted against the concentration 
of the electrolyte. Coagulation of ferric hydroxide sol was observed with KCl, KBr, 
KI, KNO;, K,SO,, K.CrO,, K2.C,0, HCOONa and CH;COOK. 

A few of the typical curves showing the relation between c and 1/t are given below. 

Fig. 1 Fig. 2 
Coogulation with KNQ. Coagulation with pot. acetate. 
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The c and 1/t curves for the coagulation of ferric hydroxide sol showa 
characteristic bend at higher concentrations of the electrolyte in most cases. With 
arsenious sulphide sol c and 1/t curves were generally straight lines with movovalent 
precipitating ions ; and the bends only appeared when the sol was coagulated by certain 
bivalent cations, such as Mg’, Ca*’, Cd’ and Zn™*. But in the case of ferric hydroxide 
sol it is interesting that more prominent bends appear with monovalent anions than 
with the bivalent ones. 
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Fig. 3 
Coagulation with KgCrO, 
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Coagu'ation with pot. oxalate. 
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The effect of dilution on the coagulation of the sol shows that less amount of the 
electrolyte is required for the diluted sol than for the concentrated one, the time of 
coagulation being kept constant. In other words, the ferric hydroxide sol shows a 
normal behaviour on dilution as distinguished from the arsenious and mercuric sul- 
phide sols studied by Mukherjee and Sen (J. Chem. Soc., 1919, 115, 461). They 
(loc. cit.) have stated that the normal or abnormal behaviour on dilution of a 
sol depends upon two main factors: (i) imcrease in the adsorption of the precipitat- 
ing ion per unit surface due to decrease in the number of the particles and ‘ii) the 
increase in the distance between the particles. In their opinion ‘the adsorption 
theory predicts that the dilution will always diminish the stability’’. To explain the 
abnormality of the sulphide sols they considered that ‘‘the increased distance somehow 
decreases the facility for coalescence and thus increases its stability...... The observed 
decrease or increase in stubility is due to the predominating influence of one over the 
other. In the light of this view it may be observed that in the case of ferric 
hydroxide sol the decrease in the total surface, as a result of dilution, increases the 
adsorption effect to such an extent tliat it more than compensates for the stabilising 
influence caused by the increase in the distance between the particles. 

Now the applicability of the empirical relation 


sos cell 1/t (1) 
n+1/t 
has been tested as follows : 
Equation (1) may be put in the form 
3 Bt 4! 
ee mm m 


Hence, if equation (1) is true, the plot of r/(c—a) against ‘t’ should be a straight line 
with intercept equal to 1/m on the 1/(c—a) axis and inclined at an angle tan! (n/m) 
to ‘t’ axis. In order to verify this relation between 1/(c—a) and ‘t’, the value of the 
constant ‘a’ must be known. It directly follows from equation (1) that ‘a’ is the vulue 
of ‘c’ when 1/t is zero, and hence, it can be determined graphically from the plot of 
‘c’ against 1/t, already given. Having dete-mined the value of ‘a’ in this way, the 
values of ‘1/c—a’ were plotted against ‘t’ and straight lines were obtained in all cases, 
(vide Figs. 5 and 6). ‘This striking observation suggests that ‘c’ as function of ‘1/t’ 
can be suitably expressed by equation (1) in the region of slow coagulation. 

The values of the constants ‘m’ and ‘n’ have been read from the straight line graphs 
and are summed up in the following table. [t may be mentioned here that the units 
of ‘m’ are moles per litre while those of ‘n’ are reciprocal minutes. 


Since ‘m’ and ‘n’ are based upon some specific properties of the sol and also of the 
precipitating electrolyte, the changes in the values of these constants may throw some 
light on the characteristic variations of the sol on dilution. From the summary of 
results (Table 1) it will be seen that both ‘a’ and ‘m’ generally decrease with di!ution 
of the sol, although they do not decrease in the same proportion. There is, however, 
no regularity in the variation of ‘n’ which means that ‘n’ is a more complicated function. 
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TABLE | 
Sol A. Sol 3 A. 

a. m. n. a. m. n, a. 
0.25 4-54 0.0303 0.10 3.22 0.0215 0.05 
0.70 4-54 0.0206 0.10 4.C0 0.0241 0.02 
1.28 5.71 0.0139 0.48 6.06 0.0379 0.08 
0.60 3.33 0.c083 0.35 3-125 0.0208 0.05 
0.024 0.029 0.0122 0.034 0.037 0.0134 0.007 
0,025 0.056 0.0064 0,018 0,038 0.0065 0,005 
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Fig. 5 


Sol 7 A. 


—— 


m. 


2.50 
3-03 
6.67 
2.38 
0.040 
0.032 


_— 


n. 


0.0250 
0.0260 
0.9707 
0.0204 
0.2430 
0.0037 


In visualising the physical significance of the constants ‘m’ and ‘n’ we may proceed 


as follows. 
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In the equation (1), if 1/¢ is taken indefinitely large, the limiting value of ‘c’ becomes 
a+m. Hence ‘m’ is that concentration of the electrolyte which should be added above 
the critical concentration ‘a’ in order to coagulate the sol immediately; or, in other 
words, a+m is the limiting value of the electrolyte concentration where the region 
of slow coagulation merges into that of rapid coagulation. Again, if we put t=1/n, the 
equation becomes 


c=art 





m 
orc-sa=-=- 
nt+n 2 


which means that m/2 isthe amount of electrolyte, in excess of the critical stability 
concentration, ‘a’, required to coagulate the sol in time t=1/n. 

Hence, we can say that ‘n’ is the reciprocal of the time in which the sol will coagu- 
late, when the excess of electrolyte above the critical stability concentration is only 
half of the excess required to coagulate the sol immediately. Thus, if ‘n’ is large (i. e. 
when ‘t’ is small) the coagulating influence of the concentration a+ m/2 of the electrolyte 
is greater than when ‘n’ issmall. It therefore follows that ‘n’ is connected with the 
sensitivity of the sol in the region of slow coagulation. 

Thanks are due to Dr. S. S. Deshapande for his insterest in this work. 


CHEMICAL LABORATORIES, 
AGRA COLLEGE AGRA, Received May 31, 1951 
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BROMINATION OF COMPOUNDS CONTAINING TWO AROMATIC 
NUCLEI. PART XIJ1l. BROMINATION OF ARYLAMIDES OF 
2-METHOXY-5-N ITROBENZOIC ACID 


By G: V. JADHAV anpD P. G. NERDEKAR 


Bromination of anilide, o-, m-, p-toluidides, o-, m-, p-nitroanilides, o-, p-anisidides, p-phenetidide 
and &-naphthylamide of 2-methoxy-s§-nitrobenzpic acid was carried out under different tonditions, when 
bromo derivatives with bromine in the basic part only were obtained. “Hydrolysis with boiling caustic 
potash solution cf these bromo compounds could be carried ont only in afew cases, when bromo-amines 
and s«nitrosalicylic acid were obtained 


The; present work is the continuation of the work on bromination by the present 
authors (J. Univ. Bombay, 1951, 20, iii, 97 ; this Journal, 1952, 29, 234) with a view to 
studying the effect of methylation of the -OH group of 5-nitrosalicylic acid towards 
bromination. As expected, the molecule was much deactivated and no bromine could 
enter the acidic part of the molecule under any experimental conditions. 

Bromination in acetic acid medium gave monobromo derivatives in the case of 
anilide, o- and p-toluidides, o- and p-nitroanilides and 8-naphthylamide when molecular 
proportions of the reactants were used. m-Toluidide, o- and p-anisidides and -phene- 
tidide always gave dibromo derivatives in presence of acetic acid. The dibromo deriva- 
tive-of anilide was obtained with more bromine in acetic acid medium, but other amides 
failed to give higher bromo derivatives in presence of the solvent. 

Bromination with liquid bromine gave dibromo derivatives in the case of o-toluidide 
and tribromo derivatives in the cases of m- and p-toluidides, p-anisidide, p-phenetidide 
and 8-naphthylamide, and monobromo derivative in the case of m-nitroanilide. 

These bromo compounds were found to be very stable towards hydrolysis as only 
the monobromo derivatives of anilide, o-, m- and p-nitroanilides and dibromo derivatives 
of anilide, o-toluidide, o- and p-anisidide only could be hydrolysed. Further, it was 
observed that demethylation also took place during hydrolysis and 5-nitrosalicylic acid 
was obtained as the acidic component. Inthe case of compounds marked with an 
asterisk the constitutions were further supported by synthesis also. 

The constitutions of the compounds which could not be hydrolysed or synthesised 
were arrived at by analogy with the corresponding derivatives of 5-nitrosalicylic acid 


(this: Journal, 1952, 29, 234). 
ExPERIMENTAL 


Bromination in Acetic Acid Medium.—The arylamide was dissolved in hot acetic 
acid.and 50% solution of bromine in acetic acid was added to the hot solution. Bromo 
compound separated out on cooling and it was crystallised from a suitable solvent. The 
products are described in Table I. The bromo derivatives marked with an asterisk were 
synthesised by:heating the amine and the acid in presence of phosphorus trichloride 
on a.boiling water-bath for 4 hours. 
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Bromination with liquid Rromine.—The amide ‘was gradually added to liquid 
bromine and the reaction was allowed ‘to proceed overnight at room temperature. It was 
then diluted with water and the solid triturated with sodium bisulphite solution to 
remove the excess of bromine. It was then crystallised from a suitable solvent. The 
compounds are described in Table II. 

Hydrolysis.—Compounds marked with a dagger in Tables I and II were hydrolysed 
by boiling them for about 100 hours with ro% caustic potash solution (for nitroaniline 
derivatives 30 hours were sufficient). After hydrolysis the insoluble material was 
filtered and the filtrate was extracted with ether. This ethereal extract was mixed with 
the ethereal solution of the insoluble substance. The solid obtained from this solution 
was then identified. 

The acid obtained from the alkaline solution was always identified as 5-nitrosalicylic 
acid (2-hydroxy-5-nitrobenzoi¢c acid). 


THe INSTITUTE OF SciENCE, Bompay, 
AND Received September 17, 1951. 


KARANTAK COLLEGR, DHARWAR 
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PREPARATION OF ANTIBACTERIALS FROM ORGANO MERCURIALS. 
PART V. MERCURATED PHENOLS 


By S. S. GuHa SrRCAR AND MAHENDRA KuMAR Rout 


Twenty simple acetoxymercuri phenols have been prepared. Of these, ‘he mercurated derivatives 
of thiosalicylic acid, p-oxybenzoic acid, resorcvlic acid, phenylacetic acid, vanilline, salicylamide, 
aspirin and p-chlorophenol are new compounds. The antibacterial action of these compouads has also 
been studied and physiological effects of the substituents have been evaluated. The maximum activity 
noted in the organo-mercurials is 1: 30,000. Measurements of toxicities by means of perfusion experi- 
ments on the isolated frog's heart show that the compounds are not very toxic even at a concentration 
of 1: 10L0 


In the present paper, the result of a systematic antibacterial investigation of twenty 
acetoxymercuri derivatives of simple phenols is summarised. Though a large number 
of such derivatives have been described in the literature, no attempt appears to have 
been made to investigate their antiseptic action. ‘The compounds described in Table Il 
are, however, new and are characterised here for the first time. Those listed in Table I 
have been prepared by a modification of the methods previously used (Newton Friend, 
“Textbook of Inorganic Chemistry’’, Vol XI, Part I). 

The toxicities of many of the compounds have also been studied by means of per- 
fusion experiments conducted on the isolated frog's heart, using the commonly employed 
technique and using concentrations of the drugs varying between 1:1000 and 1:100.000 in 
Ringer’s solution at px 7 to 7-4 at 33° ‘room temperature-summer). This work was 
carried out in the Physiology Department of the Orissa Medical College by the kind 
permission of Dr. S. M. Banerjee, Professor of Physiology and was assisted by Sri S. C. 
Tej of the same department. An examination of the heart curves showed that most of 
the compounds exhibited definite toxicity at a concentration of 1:1000 but not appreciable 
toxicity at 1:10,000 in some cases and 1:20,00u in others. A study of the curves led to 
the following conclusions: 

(1) The order of toxicities of the mercurated compounds in descending magnitude 
was nitrophenol > cresols and phenol > thymol, carvacrol and p-chlorophenol > +- and 
8-naphthols. 

(2) Incase of mercurated salicylic acid, the heart curve at a concentration of 
1:1000 consisted of ‘heart blocks’ and ‘groups’ followed by progressive partial recovery. 

(3) Mercurated p-oxybenzoic acid, thiosalicylic acid and salicylamide compounds 
showed at first a depression followed by a stimulation. 

Details of this investigation will be reported elsewhere. Antagonistic action of 
PABA on the activities of these compounds has also been studied and will be reported 


elsewhere. 
It is also proposed to study the fungicidal action of the mercurials. 
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PREPARATION OF ANITIBACTERIALS FROM ORGANO-MERCURIALS 771 
TABLE II 
R=HgOCOCH; =acetoxymercuri group. 
Compounds. % Yield. % Hg M.p. Remarks. 
Found. Calc. 
Mercurated thiosalicy}ic 73 56.2 56.8 248° (turns grey) Immediate precipitation ; 
acid. purified by washing with 
warm alcohol several times. 
” p-oxybenzoic acid 69 59-0 59.5 Above 270° Precipitate comes out in 
crops. 

” resorcylic acid 60 56.8 57-1 Above 270° Do 

2-R-Phenylacetic acid 70 51.0 50.7 204° (decomposing Refluxed on a water-bath 
into red viscous for an hour. 
liquid) 
R-Vanillin 61.8 49.0 48.5 Above 270° 

Mercurated salicylamide 63 36.8 37-6 170° (decomp ) Immediate precipitation. The 
(on the compound is probably an 
basis of an addition product of 1 mol 
addition of mercurated salicylamide 
compound) with 1 mol. of salicylamide 
Diacetoxymercuri aspirin 35 56.8 57.8 Above 260° Mixture had to be heated on 
(on the basis a water-bath for 30 min. 
of diacetoxv before being set aside to 

compound) stand overnight. 
2-R-p-Chlorophenol 66 51.6 51.6 224° (decomp.) Purified by washing with 


ExPERIMENTAL 


boiling alcohol. 


The phenol or the phenolic compound was taken in alcohol and was added to an 


equimolecular quantity of Hg@ in dilute acetic acid. 
cases immediately, and in other cases gradually on standing. 
After filtration, the precipitate was collected, washed 


in the refrigerator for 24 hours. 
several times with warm dilute alcohol and then with water. 
case to case but were generally good. 


A precipitate appeared in some 


The mixture was kept 


The yields varied from 


In all the cases, except in compounds 6, 12, 13, 14, 15, the acetoxymercuri group 


was replaced by iodomercuri group on shaking with KI solution. 


In cases of compounds 





12, 13, 14, 15 the acetoxymercuri group was removed from the nucleus and replaced 
by iodine group on treatment with KI solution. On passing H,S in en aqueous sus- 
pension at ordinary temperature, mercury was not removed except in case of compounds 
ro and 13, when black precipitates of HgS were obtained after a short time. A dilute 
solution of hydrazine sulphate had no appreciable effect on the acetoxymercuri group 
at room temperature. Bromine water knocked off the acetoxymercuri group from the 


nticleus in all cases and replaced it by the bromine group. 

The Gold crucible method was used for the estimation of mercury and Ridea!- 
Walker Drop method for the comparative antibacterial action. 

The experimenta! data are summarised in Tables I, II, Lil. 
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For preparing acetoxymercuri-salicylic methyl ester, the reaction mixture was 
heated for more than two hours as there was some unconverted mercuric acetate even 
after boiling for 14 to 2 hours. The product was extracted with hot alcohol. The 
hot alcoholic extract on cooling and standing for 24 hours gave the required product 
(cf. Newton Friend, Vol XI, ‘“Textbook of Inorganic Chemistry,’’ Part I, p 167). 

The results of biological tests indicating the maximum effective dilution of the 
mercurials at 10 minutes’ contact are shown below. The temperature was 35°. The 
test organisms were 24 hours cultures of E. Coli and Staphylococcus aureus. 


TaBLe III 
Compounds. E. Coli. Staphylococcus aureus 

M E.D. M.E.D. 

(3) p-Acetoxymercuri phenol 1 210,000 120,000 

(2) 4-Acetoxymercuri 0-cresol 1 :14,0C0 1 110,000 

(3) 4-Acetoxymercuri m-cresol 1 :15,000 I :20,000 

(4) 3-Acetoxymercuri p-cresol I :20,000 1:16,000 

(5) 1-Acetoxymercuri 8-naphthol I 130,000 I 12,000 
(6) Mercurated a-naphthol 1 :2000 121000 

(7) Acetoxymercuri thymol 1 110,000 1 315,000 
(8) Acetoxymercuri carvacrol 1 :8000 1 :4000 
(9) 2-Acetoxymercuri 4-nitropheuol 1 :2000 1 :1000 
(10) 4-Acetoxymercuri 0-nitrophenol 1 :4000 I :2000 

(11) 2-Acetoxymercuri p-chlorophenol 1 :18,000 I 10,000 
(12) Mercurated salicvlic acid 112000 1 21000 
(13) Mercurated thiosalicylic acid 1 :2000 I 1000 
(14) Mercurated p-oxybenzoic acid 1 :2000 1 :2900 
(15) Mercurated resorcylic acid 1 :2000 1 1060 
(16) 2-Acetoxymercuri phenylacetic acid I :2000 1 :1000 
(17) Acetoxymercuri-salicylic methyl ester I :2000 I :1000 
(18) Acetoxymercuri vanilline 1 :100¢ 1 :1000 
(19) Acetoxymercuri salicylamide I :40C0 1 :2000 
I :2000 I :1000 


(20) Diacetoxymercuri aspirin 


The study of the antibacterial data shows that the presence of acidic groups (COOH 
and NO,) causes decrease in antibacterial action. This may be seen from the bacteri- 
cidal values of the various mercurated hydroxy-acids and nitrophenols (compds. 
9, 10, 12, 13, 14, 15, 16). Their activities do not exceed even 1:4000, while those of all 
others not containing negative groups like NU,,COOH are beyond 1:10,000 (compounds 
I, 2, 3, 49 5, etc.). Observations similar to the above have also been made by Eagle, 
Hogan and Doak about the influence of acidic groups on the trypanocidal action of 
phenylarsenoxides (‘‘Advacing Fronts in Chemistry. Vol. If. Chemotherapy’, p. 131). 
The work of Guha Sircar and Patnaik (this Journal, 1950, 27, 535) also substantiates 
these observations. 

In this series, the mercurated compounds of the three cresols and 8-naphthol (com- 
pounds 2, 3, 4, 5). exhibit the maximum activity, the range lying between 1:15,000 and 
1:30,000. Almost the same type of generalisations may be made with respect to their 
action against Staphylococcus aureus. The phenol derivative is the most active against 


Staphylococcus. 


MAYURBHAN) CHEMICAL LARORATORY, 
RAVENSHAW COLLEGE, Received July 2, 1951 
CUTTACK-3, 
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THE INTERACTION OF THIONYL CHLORIDE AND ESTERS OF 
AROMATIC HYDROXY-ACIDS AND THEIR DERIVATIVES 
IN PRESENCE OF FINELY DIVIDED COPPER. PART V. 
INTERACTION OF METHYL 5-NITRO-8-RESORCY- 
LATE AND THIONYL CHLORIDE IN PRESENCE 
OF FINELY DIVIDED COPPER 


By G. V. JADHAV AND V. N. DESHPANDE 


Methyl 5-nitro-8-resorcylate was reacted with thionyl chloride in presence of finely divided copper 
when a thioether of the ester was obtained, which was hydrolysed to free acid. Nitration of the ester 
thioether gave 3 :5-dinitro-8-resorcylic acid and its bromination gave methyl 3-bromo 5-nitro-8-resorcylate. 


Methyl! 5-nitro-8-resorcylate was allowed to react with thionyl chloride in presence 
of finely divided copper at room temperature for 20 hours, when a thioether was obtained 
as against the disulphide obtained in a similar reaction with methyl 8-resorcylate (Jadhav 
and Deshpande, Proc. Ind. Acad. Sci., 1952, 835A, 114). It is interesting to note that 
the reaction could not be satisfactorily brought about in presence of a solvent, even at 
a higher temperature. 

The product obtained has been assigned the constitution 2:2':6:6'-tetrahydroxy-3:3’- 
dicarbomethoxy-5:5’-dinitro thioether as it gave 3:5-dinitro-8-resorcylic acid with dilute 
nitric acid, and methyl 3-bromo-5-nitro-8-resorcylate (m.p. 213-14°) with liquid bromine 
(Hemmelmayr, Monatsh, 1912, 38, 983, gave m.p. 198-200°). As the melting point 
of the bromonitro ester differed greatly from that given in the literature, the ester was 
hydrolysed to 3-bromo-5-nitro-8-resorcylic acid, m.p. 242° (Hemmelmayr, loc. cit., gave 
m.p. 242°). This showed that the two nuclei were linked through sulphur atom in the 
position meta to both -NO, and —CO,Me groups and orihoto —OH group. 


Methylation of the thioether gave a dimethoxy derivative which when nitrated 
gave methyl 4-methoxy-3:5-dinitrosalicylate. This showed that -OH group para to 
carbomethoxy group was methylated. 


Similarly acetylation gave diacetoxy-thioether, where also the same-OH should 
have been acetylated. 


ExPERIMENTAL 


2:2':6:6’-T etrahydroxy-3:3 -dicarbomethoxy-5:5'-dinitrodiphenyl Thioether(1).—Methyl 
5-nitro-8-1esorcylate (x g.) was mixed with thionyl chloride (5 c.c.) and finely 
divided copper (2 g.) was gradually added (over a period of 1 hour), and the reaction 
mixture was left overnight. Next day, it was shaken for about 5 hours and then treated 
with dry benzene and filtered. The insoluble residue was then treated with nitrobenzene 
which dissolved the thioether. The thioether was precipitated from the solution by 
alcohol, treated with CS, and finally crystallised from a large quantity of chloroform, 
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m.p. 283-84°, yield 0.5 g. It is insoiuble in alcohol, benzene, xylene, carbon tetra- 
chloride, acetic acid and petroleum ether. (Found: $, 6.8. C,.H:.0,,N.S requires S, 
7-02 per cent). - 

2:2' - Dihydroxy-3:3° - dicarbomethoxy - 5:5' -dinitro-6:6/-dimethoxydiphenyl Thioether 
(II).—The thioether (I, 1 g.} was dissolved in 15% KOH solution (50 c. c.) and dimethyl 
sulphate (10 c.c.) was added to it. The solution was heated on a boiling water-bath 
for 8 hours. The solid obtained on acidification was crystallised from dilute acetic acid. 
It sintered at 160° and completely melted at 224° with decomposition. {Found : S, 6.3. 
C,,sH,.0,.N.5 requires S, 6.6. per cent). 

2:2° - Dihydroxy - 3:3-dicarbomethoxy - 5:5’-dinitro-6:6'-diacetoxydiphenyl Thioether 
(III).—The thioether (I) was acetylated with acetic anhydride in presence of pyridine by 
heating the solution on a water-bath for about 6 hours. It crystallised from dilute acetic 
acid. It sintered at 138° and melted at 174° (decomp.). (Found: S, 5.8. C2oH,.0,,N.S 
requires S, 5.9 per cent). 

2:2':6:6'-Tetrahydroxy-3:3 -dicarboxy-5:5'-dinitrodiphenyl Thioether (IV).—The 
thioether (I, 0.5 g.) was dissolved in 10% KOH soiutiun (30 c.c.) and boiled for 5 hours. 
The solid obtained on acidification was extracted with sodium bicarbonate solution. 
The substance obtained on acidification crystallised from nitrobenzene. It did not melt 
up to 300°. It is insoluble in all common solvents. (Found: S, 7.8. C,,H,0,,N.S 
requires S, 7.5 per cent). 

3:5-Dinitro-B-resorcyiic Acid (V).—The thioether (I, 0.5 g.) was added to dilute 
nitric acid (10 parts of acid and 4 parts of water) and warmed until the thioether went 
into solution. The hot solution was filtered and allowed to cool when crystals separated. 
It was crystallised from hot water. It sintered at 190° and completely melted at 205°. 
(Hemmelmayr, Monatsh, 1904, 25, 190, gives melting point as sintering at 180° and 
melting at 205°). It showed no lowering in melting point when mixed with a genuine 
specimen. 

Methyl 3-Bromo-s-nitro-B-resorcylate (V\).—The thioether (1, 1 g.) was gradually 
added to bromine (6c. c.! and the mixture was left overnight at room temperature. 
It was then diluted with water and treated with sodium bisulphite solution to remove 
the excess bromine. ‘The substance crystallised from dilute acetic acid, m.p. 213-14°. 
(Found: Br, 27.7. C,H,.O,NBr requires Br, 27.4 per cent). Hemmelmayr (ibid., 10912, 
83, 983)’gives m.p. 198-200°. 

Hydrolysis of the ester gave 3-bromo-5-nitro-8-resorcylic acid identical with the one 
described by Hemmelmayr (loc. cit.). 


Methyl 3:5-Dinitro-4-methoxysalicylate (VII}.—The thioether (IJ, 0.5 g.) was 
dissolved in sulphuric acid (10 c.c.) and treated with fuming nitric acid (10 c. c.) at 
room temperature and the mixture was left overnight It was then slightly warmed 
and diluted with water when a yellowish solid was obtained. It crystallised from dilute 
alcohol in yellowish needles, m.p. 109°. Mixed melting point witha genuine specimen 
showed no lowering. 


Methyl 4-Methoxy-5-nitrosalicylate (VIII).—4-Methoxy-5-nitrosalicylic acid was 
esterified by saturating the acid and methy] alcohol mixture with dry hydrogen chioride 
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at o° and then boiling it for 12 hours. It was crystallised from dilute acetic acid in 
needles, m.p. 156-579. (Found: N, 6.5. C,H,O,N requires N, 6.2 per cent). 

This was converted into methyl 4-methoxy-3:5-dinitrosalicylate by dissolving it 
(x g.) in sulphuric acid (8 c.c.) and adding to the solution fuming nitric acid (8 c.c.) at 
room temperature and pouring the mixture over crushed ice after a few minutes. The 
yellowish precipitate obtained was crystallised from dilute alcohol in yeilow needles, 
m.p. 109-1109, (Found : N, 10.5. CyxHsO,N. requires N, 10.3 per cent). 

KARNATAK COLLEGE, DHARWAR, 

AND Received February 9, 1952. 


Tue INSTITUTE OF Science, Bomsay. 
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INTERACTION OF THIONYL CHLORIDE AND ESTERS OF AROMATIC 
HYDROXY-ACIDS AND THEIR DERIVATIVES IN PRESENCE OF 
FINELY DIVIDED COPPER. PART VI. INTERACTION OF 
METHYL 2-HYDROXY-3-NAPHTHOATE AND THIONYL 
CHLORIDE IN PRESENCE OF FINELY DIVIDED 
COPPER 
By G. V. JADHAV AND V. N. DESHPANDE 


Methy] 2-hydroxy-3-naphthoate gave 2 :2’-dihydroxy-3 :3’-dicarbomethoxydinaphthy! disulphide, when 
treated with thionyl chloride in presence of finely divided copper, whilst it gave 2:2’-dihydroxy-3 :3-dicar- 
bomethoxy thioether (sulphide) with thiony] chloride alone. 


Present work is an extension of the work of Hirwe, Jadhav and Chakradeo ‘J. 
Amer. Chem. Soc., 1935, 87, 101; J. Univ. Bombay, 1933, 2, ii, 128; this Journal, 
1934, 11, 551) and Jadhav and Deshpande (Proc. Ind. Acad. Sci., 1952, 385A, 114). 
When methyl 2-hydroxy-3-naphthoate was allowed to react with thionyl chloride in 
presence of finely divided copper, a disulphide was formed, whilst it gave thioether 
(monosulphide) with simple thionyl chloride or sulphur dichloride. 

The position of sulphur was proved by reacting the disulphide with fuming nitric 
acid when 1-nitro-2-naphthol was obtained. ‘This proved that tiie two naphthalene 
nuclei were linked through sulphur atom in the position 1. The constitution may 
therefore be either 


R 
>c=s=s er R-S-S-R 
R 
(1) (IT) 


When it was boiled with concentrated hydrochloric acid, it gave 2:2'-dihydroxy- 
3:3'-dicarbomethoxydinaphthy! thioether, identical with the one obtained by the interac- 
tion of the ester with thionyl chloride or sulphur dichloride, whilst on boiling with 
potassium hydroxide solution, the acid of the thioether was obtained. This proved that 
the constitution of the disulphide should be as represented by (I), for in’ the case of 
(II) both sulphur atoms should be lost simultaneously. The thioether obtained with 
thionyl chloride gave methyl 1-nitro-2-hydroxy-3-naphthoate, when it was treated with 
nitric acid (conc.) in presence of acetic acid at a low temperature. 

The diacetoxy and dibenzoyloxy derivatives of the disulphide were prepared but 
during methylation, dimethyl ether of the thioether with free carboxyl groups was 
formed. 


ExPERIMENTAL 


2:2’-Dihydroxy-3:3'-dicarbomethoxydinaphthyl Disulphide (1).—Methyl 2-hydroxy- 
3-naphthoate (6 g.) and thionyl chloride (25 c.c.) were mixed together and finely divided 
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copper (10 g.) was gradually added to it; the reaction mixture was thereafter sha!:en for 
10 hours and then it was mixed with a little dry chloroform and boiled for 1 hour and 
filtered hot. After removal of the liquid a pasty mass was left behind which gave 
a solid mass when stirred with acetone. It was boiled with carbon disulphide to remove 
free sulphur, if any, and then with benzene to remove the original substance. It was 
found almost insoluble in ordinary solvents and too soluble in nitrobenzene. It 
crystallised from a large quantity of benzene, m. p. above 300°. (Found: S, 13.4. 
C..H,,O0,S. requires S, 13.8 per cent). 

The acetyl derivative (2:2'-diacetoxy-3:3’-dicarbomethoxydinaphthyl disulphide), 
prepared by heating it for 1 hour with acetic anhydride in presence of pyridine, cry- 
stallised from a mixture of nitrobenzene and acetic acid. It did not melt up to 300°. 
(Found: S, 11.6. C.,H..0,S, requires S, 11.6 per cent). 

Benzoylation of (I) gave a pasty mass which solidified when allowed to remain in 
contact with dilute sodium hydroxide solution. 2:2'-Dibenzoyloxy-3:3’-dicarbomethoxy- 
dinaphthyl disulphide crystaltised from glacial acetic acid, m.p. 260-62° (decomp.). 
‘Found: S, 9.1. Cs3sH2<0sS. requires S, 9.5 per cent). 

Methylation of ‘i) with dimethyl sulphate gave 2:2'-dimethoxy-3:3’-dicarboxy- 
dinaphthyl sulphide. It crystallised from glacial acetic acid. It did not melt up to 300°. 
(Found: S, 7.1. C2,H,,0.S requires S, 7.4 per cent). 

1-Nitro-2-naphthol (I1).—The disulphide (I, 2 g.) was dissolved in sulphuric acid 
(10 c. c.) and fuming nitric acid (7 c.c.) was added to it. The mixture was heated ou 
a boiling water-bath for 6 hours. The solution was filtered and then diluted with water 
and extracted with cther. After removal of the ether, a solid was obtained which cry- 
stallised from alcohol, m.p. 104° (Liebermann and Jacobson, Annalen, 1882, 211, 36, 
gave m.p. 103-104°). Mixed melting point with a genuine specimen showed no lowering. 

2:2'-Dihydroay-3°3’-dicarboxydinaphthyl Sulphide (11J).—The disulphide (I, 1 g.) was 
suspended in 10% solution of potassium hydroxide (60 c.c.) and the mixture was boiled 
for 24 hours. ‘The solution was filtered and acidified, when a solid mass was obtained. 
This was stirred with sodium bicarbonate solution and filtered. The acid (III) was 
precipitated by acidification. It is very sparingly soluble in ordinary solvents. It 
crystallised from a large amount of acetic acid, m.p. above 300°. (Found: §, 7.9. 
C.2H,,O.S requires S, 7.9 per cent}. Shah and Airan (J. Univ. Bombay, 1940, 9, 124) 
gave m. p. 285°. 

2:2!-Dihydroxy-3:3'-dicarbomethoxydinaphthyl Sulphide (1V).—The disulphide (1, 
1 g.) was boiled with hydrochloric acid (conc.) for 24 hours. The solid was filtered 
and extracted with ethyl alcohol. ‘The solid obtained from the alcoholic solution was 
crystallised from acetic acid, m.p. 226-27°. (Found: S, 7.8. C.iHisO.S requires 
S, 7-4 per cent). 

This was hydrolysed to (III) by boiling it with 10% KOH solution for 24 hours. 
This was also obtained from (III) by esterifying it with MeOH-H,S0,. 

The sulphide ‘IV) was also obtained when methyl 2-hydroxy-3-naphthoate (5 g.} 
was dissolved in thionyl chloride (25 c.c.) and the reaction was allowed to proceed at 
room temperature for 2 days. ‘The mixture was then diluted with petroleum ether and 
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the solid filtered, washed and crystallised from glacial acetic acid, m.p. 225-26°. It 
showed no lowering in melting point with compound (IV). 

It was also obtained by treating methyl 2-hydroxy-3-naphthoate (4 g.), dissolved 
in dry ether (15 c.c.), with sulphur dichloride (5 c.c.) and allowing the reaction to 
proceed at room temperature for about 15 hours. A yellow solid had separated which 
was filtered, washed to remove sulphur dichloride and finally with acetone. It crystal- 
lised from acetic acid, m.p. 226-27°. It showed no lowering in melting point with the 
above specimens. 

2:2’-Diacetoxy-3:3'-dicarbomethoxydinaphthyl Sulphide (V) was prepared from 
(IV) by boiling it for 2 hours with acetic anhydride in presence of pyridine. It crystalli- 
sed from glacial acetic acid, m.p. 243-44°. (Found: S, 6.1. CssH220.S requires, 5, 6.2 
per cent). 

Methyl 1-Nitro-2-hydroxy-3-naphthoate.—The thioether (IV, 0.5 g.) was suspended 
in glacial acetic acid (25 c.c.) and nitric acid {5 c.c.) was gradually added, keeping 
the temperature of the reaction mixture always below 5°, during the addition. It was 
then left overnight at room temperature. The insoluble material was filtered and 
the filtrate was diluted with water, and the solid obtained was crystallised from glacial 
acetic acid, m.p. 188° ‘Gradenwitz, LBer., 1894, 27, 2623, gives m.p. 189°}. Mixed 
melting point with a genuine specimen showed no lowering in m.p. 

The thioether (IV, 0.5 g.) was also nitrated with nitric acid (conc., 8 c.c.) in pre- 
sence of glacial acetic acid (20 c.c,) by gently warming it until the substance went into 
solution. After some time crystals began to separate. ‘They were filtered and recrystal- 
lised from glacial acetic acid as yellow solid, m.p. 271-72°. (Found: N, 9.7. 
C,.H,O;N, requires N, 9.6 percent). It may be methyl 1:x-dinitro-2-hydroxy-3- 
naphthoate. 

Tae INSTITUTE OF SCIENCE, BOMBAY 


AND KARNATAK COLLEGE, Received February 9, 1952. 
DHARWAR, 
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PREPARATION OF ANTIBACTERIALS FROM ORGANO-MERCURIALS. 
PARI VI. MERCURATED AMINES 


By S. S. GuHA SIRCAR AND MAHENDRA KuMAR Rout 


The preparation and antibacterial action of twenty simple mercurated amines have been studied 


The maximum activity noted in the organo-mercurials was 1 :100,009. Certain generalisations have also 


been made as to the influence of substituents on the activity of the mercurated amines. Measurements of 
toxicities by means of perfusion experiments on the isolated frog’s heart show that the compounds are not 


very toxic even at a concentration of 1 :1000. 


Iu a previous communication ‘Guha Sircar and Mitra, this Journal, 1951, 28, 80) the 
bactericidal action of a few mercurated amines was repurted. The present work besides 
making a more elaborate and systematic study of bactericidal properties of more mer- 
curated amines with respect to E Coli and Staphylococcus, aureus deals further with a 
modified method of preparation of these derivatives. The method used by Bruice for 
the synthesis of 2:4-diacetoxymercuri-aniline (J. Amer. Chem. Soc., 1950, 72, 139) 
has been applied by us to o , m- and p- toluidine, o-,m- and p-nitroaniline, o-, m- and 
p-chloroaniline, o-, m- and p-aminobenzoic acids and %- and 8-naphthylamines. Unlike 
the previous author, we obtained in the majority of cases only the mono-Hg derivative as 


shown in Table I. 


The effect of px (between 2 and 3), which is lower than that used by Bruice (viz. 4.2), 


of the reaction mixture on the nature and yield of the product has also been studied. 
The phenols (cf. Part V, this issue, pb. 769) were also mercurated within this py range. 
Table II describes only those compounds which are different from those obtained at pu 
At lower x o-chloroaniline and o-, m- and p-nitroaniline gave higher yields of the 
whereas much lower yields were obtained at the higher px 
In the case of aniline, the higher 


4.2. 
mercurated products, 
(practically no yield being given by o-chloroaniline). 
ba gave a mono-Hg derivative. 

As regards the chemical properties of the products, the actions of Br, water and hy- 
drazine sulphate in the cold were similar to those in the case of phenols (cf. Part V, 
loc. cit.). Hydrogen sulphide removes the Hg slowly, the action being quicker with =- 
and §8-naphthylamine and o-, m- and p-aminobenzoic acids. This indicates that the 
acetoxymercuri group is more loosely attached in amines than in phenols. 

The toxicities of these compounds have also been studied by means of perfusion 


experiments on the isolated frog’s heart. Generally speaking, the compounds are not 
highly toxic even at a concentration of 1t:1o0o0. Study of the heart curves led to the 


following conclusions: 
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(1) The mercurated amines are less toxic than mercurated phenols. 


(2) Mercurated aniline and toluidines are more toxic than mercurated nitrvanilines 
and chloroanilines and are the most toxic members of the whole group. 

(3) Of the mercurated nitroanilines and chloroanilines, the para isomer is the most 
toxic. 

(4) Mercurated «-naphthylamine is more toxic than the 8-isomer. 

Detai's of this investigation will be reported elsewhere. Antagonistic action of 
PABA on the activities of these compounds has also been studied and will be reported 
elsewhere. It is also proposed to study the fungicidal action of the mercurials. 

All the experimental data have been summarised in Tables J and IJ, The results of 
antibacterial action are summarised in Table III. 


TABLE I 
Compounds M.p. % Hg Yield. Name of the products * 
treated. of the Found. Calc. with remarks. 
product. 
Aniline 209° 65.3 65.6 (for di-Hg 80% 2 :4-Di-R-aniline 
compound) 
0-Toluidine 148° 55-2 54 8 (for mono-Hg 67 5-R-o-Toluidine 
compound) 
m-Toluidine 174° 54.2 54.8 " 72 6-R-m-Toluidine 
p-Toluidine 186° 54-2 54.8 ™ 63 R-p-Toluidine. p-Toluidine 
added in EtOH soln. 
0-Chloroaniline Method not suitable. No solid 
separated out 
m-Chloroaniline 190° 52.1 51.8 (for mono-Hg 76 R-m-Chloroaniline 
compound) 
p-Chloroaniline 205° 52-3 51.8 a 61 o-R-p-Chloroaniline. 
p-Chloroaniline added in EtOH 
solution. 
o-Nitroaniline 270° (above) 50.3 50.5 ES 10 R-o-Nitraoaniline 
(alcoholic soln.) (method not suitable) 
m-Nitroaniline 183° 50.1 50.5 a 12 R-m-Nitroaniline 
(alcoholic soln.) (method not snitable) 
p-Nitroaniline 270° (above) 50.8 505 a 10 o-R-p-Nitroaniline 
(method not suitable) 
a-Naphthylamine 300° (above) 59.0 60.7 (for di-Hg 41 Di-R-a-naphthylamine 
compound) 
B-Naphthylamine 184° 49.5 50.0 73 R-8-Naphthylamine 
o-Aminobenzoic 210-14° 59.1 59-6 70 Mercurated 0-aminobenzoic 
acid acid 
m-Aminobenzoic 270° (above) 59.0 59.6 73 Mercurated-m-aminobenzoic 
acid acid 
p-Aminobe“zoic 270° (above) 59.3 59.6 76 Meaqunghad Sone nPaINC 
ci act 


* R=HgOCOCH;=acetoxymercuri. 
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TABLE II 



































es Compounds M.p. of the % Hg Yield. Nature of the products * 
treated. product. Found. Cale. with remarks 
st Aniline 166° 55.8 59.95 (for mono-Hg 64% p-R-Aniline 
compound) 
o-Toluidine 210° 63.8 64.1 (for di-Hg 50 Di-R-o-toluidine 
compound) 
of o-Chloroaniline 133° 51.3 51.8 (for mono-Hg 68 4-R-2-Chloroaniline 
d compound) 
| o-Nitroaniline 270° (above) 50.0 50 5 A 54 p-R-o-Nitroaniline 
m-Nitroaniline 185° 51.0 50.5 a 67 Mono-R-m-nitroantline 
of p-Nitroaniline 
‘a) with 1 equiv 270° ,, 50 8 50.5 = 70 Mono-R-p-nitroaniline. 
of HgO 2 :6-Di-R-p-nitroaniline 
(b) with 2 equiv. soo” 60.8 61.2 (for di-Hg Reaction mixture boiled 
of HgO compound) for 1 hour on a water- 


bath before being set 
aside to stand for 24 
hours. Washed several 
times with hot alcohol 
to remove mono-mer- 
curi. 


‘ 


* R=HgOCOCH; =acetoxymercuri. 


The results of antibacterial tests indicating the maximum effective dilutions at 10 
minutes contact are shown below. ‘The temperature was 35°. ‘The test organisms were 
24 hours culture of E. Coli and Staphylococcus aureus. 





TABLE III 
id Compounds. E, Coid. Staphylococcus 
M.E.D. M.ED. 
(1) p-R-Aniline I :4000 I :1000 
(2) 2:4-Di-R-aniline 1 :10,000 I :4000 
Hy (3) 5-R-o-Toluidine 1 210,000 I 24000 
(4) Di-R-o-toluidine I 320,000 1 :8000 
(5) 6-R-m-Toluidine I :10,000 I :4000 
(6) R-p-Toluidine I 110,000 1 :4000 
(7) 4-R-2-Chlorcaniline 1 :100,C00 I 240,000 
(8) R-m-Chloroaniline I 350,000 I :20,000 
(9) R-p-Chloroaniline I :100,000 I :50,000 
(10) p-R-o-Nitroaniline I :2000 1 : 1000 
(11) R-m-Nitroaniliue I :4000 I :1000 
(12) 0:p-Di-R-m-nitroaniline I 120,000 1 :8000 
(13) 0-R-p-Nitroaniline I :4900 1 320,000 
(14) 2:6-Di-R-p-nitroaniline I :10,000 I :10,000 
(15) Di-R-a-naphthylamine 1 : 100,000 1 :60,000 
(16) R-8-Naphthylamine I 340,000 I 120,000 
(17) Mercurated 2-aminobenzoic acid 1 :8000 I :1000 
(18) Mercurated m-aminobenzoic acid I 210,000 I :1000 
(19) Mercurated p-aminobenzoic acid 1 :4000 1 2000 
(20) Mercurated-dimethylaniline 
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The study of the antibacterial data shows that some of the amine mercuri derivatives 
are many times more effective than those of the corresponding phenols. The activities of 
mercurated «- and 8-naphthylamines, chloroanilines, mono- and dialkyl-anilines (compds. 
7,8, 9, 15, 16, 20) are quite high, being near about 1:100,000 with respect to E. Coli. 
It may be of interest to mention that of all the phenylureas studied by Guha Sircar 
and Patnaik (this Journal, 1950, 27, 537), the most active were mercurated chloropheny]- 
urea and naphthylurea which were effective in dilutions of 1:140,000 to 1:160,000. 
Such parallelism between these very divergent series may be related in some way with 
the intrinsic nature of chloroaniline and naphthylamine molecules. Increased mercury 
content in form of dimercuri compounds enhances the activities to some extent which 
can be well demonstrated by the antibacterial data for mono- and di-mercuri-o-toluidine 
and -nitroaniline (compds. 3, 4, 11, 12, 13, 14). Nagative groups like NO,,CUOH reduce 
the activities similar to that in the above series. In case of amines, this can be realised 
very well by examining the cases of mercurated nitroanilines and aminobenzoic acids 
(compds. 10, If, 13, 17, 18, 19), the activities of monomercuri compounds of which 
hardly exceed 1:10,000. With regard to Staphylococcus aureus, the same conclusions 
may be arrived at, but the activities are much less. 


MAYURBHANJ CHEMICAL LABORATORY, Received July 2, 1951, 
RAVENSHAW COLLEGE, CUTTACK-3 
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SYNTHESIS IN THE ACRIDINE SERIES. PART VIII. N-SUBSTITUTED 
3-METHOXY-5-CHLORO-9-AMINOACRIDINES 


By GURBAKHSH SINGH, SuRjJit SINGH, APAR SINGH AND MAHAN SINGH 
Synthesis of several 3-methoxy-5-chloro-g-(dialkylamino-alkyl) aminoacridines is reported. 
In part I of this series (G. Singh and M. Singh, this Journal, 1946, 28, 466) the syn- 


thesis of various N-substituents of 2-methoxy-5-chloro-9-aminoacridines was described. 
The synthesis of the corresponding 3-methoxy analogues has been recorded herein. 


: Fas ),Me 
| + Nn L™ sei ».Me 
Meo’ “Now ci | | hing g | (S 
| rw | 
7 N | MeO =f N-\y 
Ph “ Ph CI 
(1) ; 
| A 
‘ LCO.Me 
Jr (0028 Pr frome m™ 
| hae ee | | 
ce. See —n 
Meo” VY“ N— a 7 | bh 
‘O.Ph 7 
| = a ,“ Cl 
POCI | H Cl : 
(IV) ; OH (1 mol ) 
i+ O 1 
ON WAS ON/NIwN Dr JOA 
SS is SS Saree Oe ee ee eee ee 
, 270° 
VA 
meo* WS meo” WEY Meo? VN .y- ie a 
er CI I 
(VIj (V) (ITI) COPh 


4-Methoxymethy] salicylate on condensation with N-o-chlorophenylbenzimino- 
chloride gave N-o-chlorophenylbenzimino-5’-methoxy-2'-carbomethoxyphenyl ether (I). 
The latter on heating underwent Chapman rearrangement and was converted into 
methyl-N-benzoy1-6’-chloro-5-methoxydiphenylamine-2-carboxylate (II). When (iI) was 
treated with one mol. of aqueous alcoholic alkali, the corresponding free acid, N-benzoy]- 
6’-chloro-5-methoxydiphenylamine-2-carboxylic acid (III) was obtained, while the reac- 





» 
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tion with excess of alkali gave 6’-chlorodiphenylamine-5-methoxydiphenylamine-2- 
carboxylic acid {1V). Compound (IIT) on heating to 270° lost benzoic acid and was 
changed to 3-methoxy-5-chloroacridone {V}, which could also be obtained directly from 
compoutids (I) or (II) by heating to 320°, along with methyl benzoate. When the 
acridone (V) or the diphenylamine-acid (iV) waS refluxed with excess of phosphoryl! 
chloride, 3-methexy-5:9-dichloroacridine (VI) could be isolated. This on condensation 
with different primary amines in anhydrous molten phenolic medium gave the desired 
N-substituents of 3-methoxy-5-chloro-9-aminoacridines. 

lt is interesting to go into the mechanism of the change (III —> V) or (II —> V). 
This synthesis of an acridone from an N-benzoyldiphenylamine-2-carboxylic acid or its 
ester by loss of benzoic acid or an ester of benzoic acid was first observed by Jamison and 
Turner (J. Chem. Soc., 1937, 1954) who synthesised various substituted acridones by the 
use of proper intermediates of the type (II) or {III}. This reaction is very likely base- 
catalysed and is initiated by a trace of hydroxide ion (from the sides of the glass reaction 
vessel) which attacks the benzoyl portion of the molecule, resulting in the following 
series of changes in the case of the free acid of the type (III). 


CO.H \ Aon * 
Oe T= 
OY es Ye a hehe he ee 
CO di | C1 N a 
ua pe | +C,H,;,COOH 
C.H; 
O 
‘rT ) 
eee 
Mew ey 
C1 


Benzoic acid is split off and hydroxide ion is released, which further attacks the N- 
benzoyl derivative to produce more of t'1e acridone. Thus only catalytic quantity of the 
base is required to carry the reaction to completion. In the case of an ester of the type 
(II), the initial attack of the hydroxide ion would be expected on the ester carbonyl, 
which produces the free acid and an alkoxide ion. The latter on subsequent attack on 
the benzoyl group of either the free acid or its ester, generates an ester of benzoic acid 


and the acridone. 

It should be noted that only the N-benzoyl derivative of diphenylamine-2-carboxylic 
acid (or its ester) is capable of undergoing this conversion into the acridone, the parent 
diphenylamine-2-carboxylic acid under similar conditions is not changed to acridone, 
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but on the other hand, undegoes a different reaction which results in decarboxylation 
only. It is possible to rationalise these differences on the above mentioned views. The 
base-catalysed reaction leading to the ring-closure is possible only in the ,benzoy] 
derivative. 


EXPERIMENTAL 


N-o-Chlorophenylbenzimino-5’-methoxy-2'-carbomethoxyphenyl Ether. — Sodium 
(5.0g., 1.1 mol) was dissolved in 250c.c. of absolute alcohol and cooled to 10°. 
4-Methoxymethyl] salicylate (40 g., 1.1 mol.) in 50 c.c. of absolute alcohol and N-o- 
chlorophenylbenziminochloride (50 g.) in 100 c.c. of dry ether were added in quick su- 
ccession to the above solution of sodium alcoholate. The reaction mixture became cloudy 
at once with the generation of heat. It was shaken vigorously for a few minutes and 
then allowed to stand overnight. A great bulk of the solvents was removed on a steam- 
bath and the residue diluted with water. ‘The precipitated mass was filtered off, washed 
with water and crystallised from 093% ethanol as colorless prisms, m.p. 123-24°, yield 
68g. ‘Found: N, 3.65. C.,H,;,0,NCI requires N, 3.54 per cent). 

The corresponing carbethoxy derivative was prepared from the 4-methoxyethyl 
salicylate in a similar manner. It was crystallised from petroleum ether (40°-60°) as 
rhombohedral crystals, m.p. 84-85°. A great deal of caution must be exercised during 
the nitrogen estimation of these compounds by Dumas’ method as they evolve nitrogen 
extremely rapidly at higher temperatures. 

Methyl N-benzoyl-6’-chloro-5-methoxydiphenylamine-2-carboxylate. — The above 
ether (I,10 g.) was heated to 270°, when isomerisation took place with considerable evolu- 
tion of heat. Heating was continued for about 10 minutes and the contents were then 
poured into ethanol, from which it could be crystallised as clusters of glistening white 
plates, m.p. 164-65”. (Found: N, 3.60. C..H,s0,NCI requires N, 3.54 per cent). 

The corresponding carbethoxy derivative after crystallisation from ethanol, had 
m.p. 129-30°. 

6’-Chloro-N-benzoyldiphenylamino-5-methoxy-2-carboxylic acid was obtained by 
partial hydrolysis of the above ester in a manner exactly similar to that described for 
the 4’-chloro isomer in pait VII ‘this Journal, 1951, 28, 459). It was crystallised from 
a mixture of acetone and petroleum ether as white needles, m. p. 127-30° (with previous 
softening at 120°). (Found: N, 3.84. C.,H,.O,NCI requires N, 3.77 per cent). 

6/-Chlorodiphenylamine-5-methoxy-2catboxylic acid was also obtained according 
to the conditions described for the 4’-chloro isomer (loc. cit.). It was crystallised from 
95% ethanol as light yellow slender needles, m.p. 178-79°. (Found: N, 5.34. 
C,4H,,0,;NCI requires N, 5.04 per cent). 

3-Methoary-5:9-dichloroacridine was obtained by the treatment of the above di- 
phenylamine carboxylic acid with an excess of phosphoryl! chloride and was crystallised 
from a mixture of ethanol-benzene as silky bright yellow needles, m.p. 178-80°. (Found: 
N, 5.23. CisHsON Cl, requires N, 5.03 per cent). 

3-Methoxy-5-chloroacridone was prepared by the method similar to that used for 
the corresponding 7-chloro analogue. It was crystallised from glacial acetic acid as 
9—- 1801P—10 
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brownish needles, m.p. 358-60°. (Found: N, 5.42. C,,H,.O,NCI requires N, 5.3¢ 
per cent.). 

3-Methoxy-5-chloro-9-aminoacridine was prepared from 3-methoxy-5:9-dichloro- 
acridine by the treatment of its phenolic solution at 100° with ammonium carbonate. 
The reaction was worked up in the customary way and the base was crystallised from 
ethanol as orange-yellow needles, m.p. 219-20°. (Found: N, 10.92. C,,H,,ON,Cl 
requires N, 10.33 per cent). 

An aqueous alcoholic solution of the base exhibits a strong blue fluorescence. 

3-Methoxy-5-chloro-g-(y-diethylaminopropyl}-aminoacridine.—The condensation of 
3-methoxy-5:9-dichloroacridine and y-diethylaminopropylamine was effected by methods 
described in earlier papers. The condensation product was characterised by its dipicrate, 
which after crystallisation from absolute ethanol was obtained as yellow .eedles, m.p. 
165-66°. [Found: N, 15.42. C.,;H.»ON;Cl (C,H;O;N;). requires N, 15.20 per cent]. 

3-Methoxy-5-chloro-g-(y-di-isoamylaminopropyi)-aminoacridine was also character- 
ised by its picrate, which was obtained as yellow needles from alcohol, m.p. 178-79°. 
[Found: N, 13.82. C:,;H;;ON;Cl (C.H,O;Ns;). requires N, 13.78 per cent]. 

3-Methoxy-5-chloro-9-(y-piperidinopropyl)-aminoacridine.—The base was charac- 
terised by its dipicrate, crystallised as yellow needles from alcohol, m.p. 243-44° (decomp.). 
[Found : N, 9.36. Cs.H..ON;Cl (C.H;0,N;). requires N, 9.20 per cent]. 

3-Methoxy-5-chloro-g-(8-diethylamino-1-methylbulyl)-aminoacridine. — [he hydro- 
chloride w2< obtained as a yellow powder. It was recrystallised from absolute ethanol 
as yeilow needles, m.p. 180-81°. (Found: N, 8-70. C:;H3;,ON;Cl. 2HCl requires 
N, 8.88 per cent). 


DEPARTMENT OF EDUCATION, Received April 17, 1951. 
SIMLA FE. 
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A NOTE ON THE CONSTITUTIONAL FORMULA OF 2-THIONAPHTHENE- 
7'-(1’-METHOXY)ACENAPHTHYLENE-INDIGO 


By Sistrr Kumar GuHA 


2-Thionaphthene-acenaphthylene-indigo, Ciba Scarlet G (Bezdzik and Friedlinder, 
Monatsh, 1908, 29, 386; E. P. 344/08) is represented by the cis structure (I, 
R = R’= H) (cf. Everest, “The Higher Coaltar Hydrocarbons’’, 1927, pp. 39, 42). In 
fact, it was not necessary to determine which of the two reactive ketonic groups 
took part in the reaction as acenaphthenequinone is a symmetrical molecule. Difficulty 
arises, however, in representing the indigoid dyes from asymmetrical derivatives of ace- 
naphthenequinone, for example, 3-chloro-, 3-bromo-, 3-nitro-, 1-methoxy-acenaphthene- 
quinone etc. Staudinger, Goldstein and Schlenker (Helv. Chim. Acta, 1921, 4, 342) 
represented 1’-methoxy derivative of Ciba Scarlet G by the structure ‘1I) ; while Mayer 
and Schonfelder (Ber., 1922, 85, 2972) represented the corresponding 3'- or 4’-bromo 
derivative by the structure (I, R= Br, R'=H or R=H, R’=Br). 





CO — 
{4 : \ eas som AS : \ f & “6? , 
‘ | 2Comeclt_€ DR “ g Comme)” 2: 
6 ie eae Wiz ody DY 
S ( ' Ss 1 2 
OMe’ 
(1I) 


The present author prepared a large number of thioindigoid vat dyes of the 
acenaphthenequinone series including eight 1’-methoxy derivatives, and assigned to all 





of these dyes a provisional trans structure of (I, R =R’= H) as it was generally consider- 
ed to be more stable than the cis variety (Guha, this Journal, 1932, 9, 423; 
1933, 10, 679; 1036, 18, 94; 1937, 1%, 709; 1938, 15, 20; 10939, 16, 127; 
1943, 20. 37; Guha and Chatterjea, ibid., 1948, 25, 429). While studying their 
properties, the author found no difficulty in handling the mother compounds, 
their 3’-chloro- and 3’-bromo derivatives in the hydrosulphite vat and developing 
the full shade of the original dyes on cotton. But it was repeatedly observed that 
in the case of each of the 1’-methoxy compounds much difficulty was experienced in 
reducing them satisfactorily under various conditions with alkaline hydrosulphite toa 
soluble vat, and in consequence, very light shades were developed on cotton although 
the dyes themselves were deep coloured. This abnormal behaviour prompted the author 





(Guha, ‘Thesis, Dacca University, Bengal, 1945, p. 29) to suggest the correctness of 
structures (II) for 1’-methoxy derivatives, as in this form steric hindrance of OMe 
group in the reduction of the adjacent carbonyl group in 8’-position is readily under- 
stood. ‘The obvious alternative structure does not offer this explanation. 
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Recently, Illingworth and Peters (J. Chem. Soc., 1951, 1602) have assigned 


structure (II) to the 1’-tert.-butyl derivative of Ciba Scarlet G. They also found that 


1:6-di-tert.-butylacenaphthenequinone did not give a thioindigoid dye. This pro- 


vides ample evidence of the space interference of groups in 1- and 6- position of the 


acenaphthenequinone molecule. 
Received April 16, 1952. 
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: PRAFULLA CHANDRA RAY MEMORIAL LECTURE* 
By Dr. K. G. NarxK, D.Sc., F.N.1. 


I greatly value the previlege of being invited this year to deliver the Acharya 
Prafulla Chandra Ray Memorial lecture and am highly thankful to the authorities for 
this honour. 

It was a little over ‘“43’’ years ago that | was ushered in the benign presence of 
Acharya Prafulla Chandra Ray while he was working in his Research Laboratory at 
the Presidency College, Calcutta, when Dr. Biman Bihari Dey, the late Dr. H. K. Sen 
and some of his other student co-workers werealso present. ‘The paternal love with 
which 1 was accosted by him and the calm and sacred atmosphere round him stirred 
up in me a profound respect for the great Scientist, of whom I had heard so much when 
at college in Bombay. My love and partiality for Bengal were the result of the silent 
and beneficial influence which the ‘Darshan’ of this great Sage-Scientist evoked in me, 
at the very first sight. The sincere words that poured out of the mouth of this respected 
Savant, inspired in me a swell of enthusiasm which never abated even till this day. 
While taking leave of him after a few minutes’ interview, I began to experience an 
intense desire growing in me, to come and work in his research laboratories and thus 
to share for life the honour of being his co-worker. Eighi years later (in 1917), one of 

India’s greatest Educationists and Organisers, Sir Ashutosh Mukerji, the then Vice- 
{ Chancellor of the Calcutta University, invited me to take up the post of Assistant 
Professor of Chemistry at the University College of Science and Technology, where 
Sir Prafulla Chandra Ray was atthe Head. My dream of getting an opportunity to be 
one of the band of his co-workers was realised. ‘Those nine years of my life in Bengal, 
threw me in contact with some of the biggest Educationists and Research Scientists of 
our country. Later on in 1020, when Sir Prafulla Chandra Ray visited England, I as 
the seniormost of the students working in the various Research Laboratories in London 
and elsewhere in England, had the honour of being their cheit spokesman at the recep- 
tion held in his honour by all the students from India. The idea of forming the 
Indian Chemical Society, with Acharya prafulla Chandra Ray as its first President, was 
mooted at that time and brought to fruition at the special meeting held at Bangalore, at 
the time of the Indian Science Congress sessiou in 1924. It was the proudest day of 
my life and also of that of a number of my co-workers and friends. May I take this 
opportunity of invoking the sacred presence of his Soul to pay at his feet as a tribute 
to that great Scholar, Teacher and Guru, all the little that my colleagues and pupils in 
collaboration with me could achieve during the twenty-five years of our activities at 
Baroda? 

Acharya Prafulla Chandra Ray was India’s “great scientist, philanthropist, educa- 
tionist, patriot and industrialist’’. ‘fhe Bengal Chemical and Pharmaceutical Works 
stands as the monument of Acharya Prafulla Chandra Ray’s patriotism and also as the 









* sth Lecture delivered on Aug. 2, 1952, under the auspices of the Society in Calcutta, 
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witness of his burning zeal to foster the industrial development of India. In this venture 
the indefatigable Bhaduri brothers, his colleague-Professors at the Presidency College, 
Calcutta, were his mainstay. It would, perhaps, be therefore appropriate to speak on 
this sacred occasion on one phase of the topic which was the main propellor in his life, 
namely, ‘Industrialisation in National Reconstruction’. 


PLANNING OF SCIENTIFIC RESEARCH FOR INDUSTRIALISATION IN 
NATIONAL RECONSTRUCTION 


At the outest, let me, however, briefly outline the history of industrialisation as it 
evolved in some of the western countries, so that we can properly deliberate on the ways 
and means which may be brought into operation to effectively achieve our objective, 
namely,industrialisation of our own country. With the introduction of steam engine as 
a power generator and means of transport, England with practically no serious opposition 
from Eastern Europe (which was then in a sufficiently unstable state), became the work- 
shop of the world. Suitable raw materials, insular position, the proximity of its manu- 
facturing centres to the seaboard, a favourable situation in international relations etc., 
rendered the growth of its material prosperity inevitable. The British industry was in 
the position of a son inheriting an established business and having in addition a very 
large income from ancestors. Such a situation could make for enhanced prosperity, 
only if the British manufacturers bad used their advantage properly. On the other hand, 
Germany with a little seaboard was under huge disadvantages in obtaining its raw ma- 
terials from abroad.’ Its iron ores were very poor as compared to the red haematites of 
Cumberland; their lime stone was largely dolomitic and their coal, mostly poor, more like 
Bristol's than the easily worked deposits of Northern England. 

It was early recognised in Germany that in order to achieve advancement in indus- 
trialisation, individualistic efforts would have to be supplemented in a large measure 
by national efforts. This was begun with the nationalisation of railways and canals, 
because they were of absolute necessity if large industries were to be developed in the 
interior of Germary, far from the seaboard. This involved the cheap manufacture of 
iron. If the manufacture of iron had to become a great industry, it was necessary to 
develop economic methods for the utilisation of the great deposits of low grade phosphatic 
iron ores which were chiefly those available. The Gremans spent time and money 
necessary on researches pertaining thereto, and they alone seemed willing to devote 
close chemical skill and attention involved in dealing with these complex problems. 
Within the next twenty years, the German output exceeded the British one by tiearly 
one hundred per cent. 

In the early days of Chemical industry, Germany could not hope to compete in 
those branches of heavy chemicals such as soda ash, caustic soda, sulphuric acid, 
bichromate of soda, alum etc., in the production of which, cheap raw materials, freight 
and cheap fuel play a greater role than chemical skill and complex machinery. 
Germany, however, realised years ago, that all industrial development tended to become 
more scientific. Every problem of agricultu'e and industry in Germany was viewed 
from a national standpoint. It wasrealised by every German that individuality was to 
be, to a certain extent, fettered for the benefit of the nation as a whole. 
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The transport system in Germany, namely, the railways and water-ways stand na- 
tionalised since about three generations. The German Minister of Communications 
regarded railways as primarily a transport institution and not a money making 
machine. He kept in the forefront the interests of industry and commerce. The State 
control made it possible to apply differential tariff rates as demanded by conditions. 
‘The materials for railway construction as also the rolling stock, are German products. 
No work in this connection goes abroad. The waterways are built at an enormous cost 
but they afford efficient transport facilities to towns and country districts hundreds of 
miles distant from the sea, with an additional advantage to cheap water transport. Thus, 
goods can be sent from the mouth of the Rhine direct to Switzerland and the south of 
France in one direction, and to Bavaria and Austria in another. Merchandise from 
Hamburg can be dispatched by river and canal every yard of the way, to Berlin or even 
to Silesia. The transport charges are about one-fourth or one-fifth of those by railways. 
This results in enormous savings to industry. 


Having settled the enormously important question of transport, Germany turned its 
attention to agriculture, which is also a big industry. Proper afforestation schemes were 
rendered compulsory. Enormous areas of land, little fit for agricultural use, were put 
under potato cultivation and science was called in to help to create a new outlay for 
the crops. Germany at once became essentially the starch, glucose and alcohol produc- 
ing country in Europe Large areas of land were put under beet cultivation and once 
again science was called in to assist in the disposal of ‘beet roots’, as the raw material for 
producing sugar. Gradually but steadily, the German Government brought about a 
close co-operation between science, industy and agriculture. 


lt was this remarkable co-operation, coupled with all the help that a favourably 
inclined Government willingly gave, that brought the German industry to a high 
pitch of efficiency. The heads of the German concerns have always time enough 
to look thoroughly into anything that interests them. ‘hey are sufficiently technical 
to realise the necessity for going into details, a work’s experience having taught 
them that it is in detials that great processes come to grief. 


Financial assistance rendered to Technical Education was immensely greater in 
Germany than in England. In Germany the leading men of technical schools were, 
before the war, far better paid than iu England. ‘The heads of technical school staffs were 
encouraged to become acquainted with the latest technical processes. It was fully reali- 
sed in Germany that a purely academic teacher cannot turn out first class technical men. 
In Germany, technical industries instantly claim at higher salary the members of a staff 
of technical coileges, who have carried out industrial investigations which seem likely to 
open out industrial possibilities; and it is not uncommon for such a man to be reclaimed 
by some technical institution at a later date, with a higher salary. It was also realised 


that a right man who had work’s experience as well as technical knowledge, was worth 
far more to the nation as a teacher than in a private capacity. 


Modern commerce is warfare and the weapons employed are inventions, tireless 
industry, skill and capital. One of the most important factors in the development of 
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German industry, which was early recognised and acted upon in Germany in a hundred 
directions, was the necessity for broad co-operation in great industrial problems. For 
instance, by-products recovery coke-ovens were installed in the immediate neighbour- 
hood of the blast furnace, so that the surplus power might have an economic outlay. 
Where it was impossible to bring the steel works in the vicinity of the coke-ovens and 
the blast furnaces, the surplus energy from these was transmitted far and wide in the 
form of high tension electric current, sold at an astonishingly low price, thus tempting 
introduction of new small industries within immediately adjacent areas. With the help 
of the by-products recovery coke-ovens, Germany developed her fine chemicals industry, 
drugs and dyes. 


The remarkable German instinct for organisation and co-operation has produced 
some of the largest industrial concentrations in Germany. ‘The tendency to concen- 
trations in commercial undertakings was particularly strong in banking enterprises 
and in retail trading in the form of great stores. In place of the old political 
maxim ‘“‘Divide and Rule’’, the modern Caesars of industry and commerce advance the 
principle ’"Unite and Conquer’’. ‘To oppose foreign industrial competition a more 
complete fusion was achieved and a united front was presented to the world by the 
industrial brains of Germany, whose I.G. Farbenindustrie soon produced its opposite 
number in the I.C. I. of England. The manufacturing combines produced goods 
at very cheap rates and thus controlled all foreign markets. The same industrial concen- 
tration produced Electric Banks. 


The emergence of the huge combines with a common poo! of profits has resulted in 
the production of marketable goods at the cheapest possible price. Activities of such 
big corporations have almost restricted competition for world market, to only a few of 
them. A little before the second world war, these huge comines of England, Germany 
and America had entered into a mutual undertaking to divide the markets of the world, 
circums¢ribing huge areas in which each of them would supply a particular commodity, 
only up to a certain percentage of the demand, the rest of the demand being met by the 
others. ‘This soon resulted in the elimination of small concerns, unless the latter chose 
to come within the orbit of these big industrial corporations. It is possible that the time 
may come when those corporations of the big Democracies and Totalitarian States, may 
combine to dictate to the world, fancy prices for the products manufactuied by them- 
prices which ensure them high profits, the prices at which they alone can offer to the 
suffering humanity, only those benefits which they would choose to offer. The tendency 
in the capitalist countries is to concentrate the benefits of Science, for the utilisation 
of the manufacturers who choose to transmit only such benefits to the nation, as would 
only be paying propositions to them. 


Turning to America, one finds that American Chemical Technology received a 
stimulus for developement during the Napoleonic wars. Englaud and America attemp- 
ted industrialisation on individual efforts at the outset but later on these got replaced 
by concentrated efforts via industrial corporations. In each of these countries, the Uni- 
versities supply trained men for individual factories and corporations. It was only after 
1918 that the leading concerns like du Pont, the General Electric Company, the Union 














PRAFULLA CHANDRA RAY MEMORIAL LECTURE 793 





Carbide and Carbon Corporation, the Carbide and Carbon Chemicals Corporation in 
America and the 1. C. I. in England, began to seek the solutions of their own problems 
in their own laboratories. Some of these laboratories are to-day world-famous places 
for research and are in charge of brilliant scientists. There are about two thousand 
individual Research Departments associated with nearly every iine of industry. Their 
research is confined in particular directions, seeking solutions that will advance their 
own particular products. Unless when demanded by private interests or government 
pressure in times of national emergency, there appears to be a lack of effective national 
co-operation all round. Bothin America and in England this attempt by factories and 
combines at solving their own individual problems in their research laboratories, is fur- 
ther supplemented by the University laboratories undertaking research work on behalf 
of some of these corporations and this is effected to a greater degree in America than in 
England. , 

Further, at the Mellon Institut: of Industrial Research, Pittsburg, U.S.A., there 
is centred under one roof a great variety of scientific efforts directed towards the 
solutions of a few hundred industrial problems, helped by a number of industrial fellow- 
ships, in diversified lines. It is here that one finds scientific chemical laboratories for 
aiding industries. Over and above this, fellowships are also held for pure research, in 
various scientific fields. Industria! research is one of the greatest gifts of science to 
mankind and the Meilon Institute of Pittsburg is distributing these to American indus- 
try. Millions of dollars have been paid by the donors for maintaining a number of 
research fellowships. Nearly five thousand new products and processes have been inven- 
ted. The broadest facilities for accomplishing a definite piece of research are provided 
and all results obtained belong exclusively to the founders of the fellowships. This 
has resulted in the establishment of several industrial corporations in America. The 
Melion Institute has been a blessing to several moderate-sized industries which could 
not maintain up-to-date laboratories for their own research. It has done valuable work 
in training young scientists for industrial and public service, principally by imparting 
a large amount of useful information which is, as a rule, not acquired in scientific courses 
in a University. The fellows of the Institute are instructed in business correspondence, 
teclinical reporting as also in psychology of industrial minds. This is a great help in 
securing essential co-operation, gaining confidence and imparting trust. And it is on 
such trust that successful industrial research is built. 





It is held in America as nonsense when one hears that some eminent scientist has 
given his results to the people. The Wright Brother's development of Aeroplane, as 
also Banting’s discovery of Insulin, could only reach the people through “‘Industry’’. 
The work of Farady on Electro-magnetic induction on which is buiit ultimately .the 
immense developement of the electrical industry, could never have found such astound- 
ing applications without enormous output of capital and directed industrial research. 
The same holds good as regards Penicillin and Atomic Energy. It is only when there 
is complete understanding and co-operation amongst science, labour, management, and 
capital that industrial sucess is achieved. 








To effectively resist being exploited by the above mentioned powerful combines, and 
escape out of their clutches and become self-sufficient, Russia has tried to build up its 
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own industries under full state organisation and control. To ensure full benefits to the 
nation for all the time, a special kind of social order is being evolved and strengthened, 
which proposes to offer the benefits of science to all its nationals without distinction. 
The Russian organisation of scientific activities and all their subsequent development, . 
in every field of nation-building, has astonished the world. 


In Russia, the Academy of Sciences is the centre of all scientific activity. Work 
going on in scientific institutions, laboratories, experimental stations, museums etc., is 
interwoven into a synthetic whole, under this Academy. The departments of industries, 
agriculture etc. are in close touch with the Academy of Sciences. ‘To assist industry, 
several special scientific research institutions have been established, such as the Chemical 
Institute, the Optical Institute, the Physico-technical Institute, the Plant Institute, the 
Institute of Energetics, the Bio-chemical Institute, the Aero-dynamic Institute and 
several others. Besides these large central institutes, there are a number of branch insti- 
tutes doing special research work, such as the the Institute of Metals, the Veterinary 
Institute, the Soil Institute and several others, (in all about one hundred and fifty). 
Next to those institutes, comes the work of laboratories attached to factories, carrying 
on research work and directly passing on their achievements to industry. Such a system 
of scientific research brings it into close contact with the needs of industry, creating, 
as if it were, a continuous flow from the most abstract theoretical considerations to the 
minutest details of the factory work. It is difficult to differentiate between pure and 
applied science when the two have been interwoven together in such a close fashion. 
The achievements of the scientists of that country in pure research are none the less 
impressive than those in industrial research. Ina country like Russia, where scientific 
developments are to be directed to a large scale practice, progress in all branches of pure 
science must also develop onan equally large scale. ‘The best method for utilising the 
material resources of the country, presupposes the elaboration of a series of complex 
theoretical problems in physics and chemistry, which necessitates a wide development of 
the mathematical sciences. Further, the problem of complex production also involves 
contacts between different sciences. To meet such a situation, scientific investigations 
have to be as carefully planned as the national plenning for industry. This kind of 
national planning is carried out by a special organisation which is responsible for the 
best utilisation of the scientific talents of the country and for the provision of up-to- 
date laboratories, and general amenities of life for those scientists. Under such a wide 
and yet well-organised planning, Russia has recorded noteworthy achievements all 
round. For example, in order to help agriculture it has specially evolved deep- 
ploughing tractor, tractor planting machine, universal tractor cultivator, haymower, 
fodder-making machine, and so on. Aeroplanes have been employed in sowing crops 
and in fighting forest fires. Valuable new brands of wheat, barley, oats, hemp, etc. 
have been selected. Methods for special treatment of seeds under various tempera- 
tures have been evolved, which accelerate the period of ripening. Hybrids 
of cotton seeds, yielding quick ripening and frost resisting plants, with a high 
fiber quality of Egyptian cotton, have been pushed as far as 62 N. latitude. New 
brands of spring wheat able to resist drought have been discovered. The world- 
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famous hybridisation experiments of Prof. Michurin have revolutionised fruit culture 
in that country. Accelerated growth of potatoes has been achieved under the action of 
ethylene chlorhydrin. Chloropicrin is utilised to eliminate the so-called flax fatigue 
of the soil. Artificial maturing of cotton has been attained by treating the green cap- 
sules with ethylene, and so on. In cattle raising, so many of the cattle diseases have 
been eradicated by the researches carried out in the veterinary Institute at Erivan. 
New methods of artificial semination have been evolved to improve the breed of cattle. 
The Plant Institute, which is one of the fourteen big Institutes under the Academy 
of Agriculture, has under it seventy branch institutes and three hundred experimental 
stations throughout the country, to handle local problems. 

The above outliues are sufficient to give onean idea of the synthesis of sciences 
which goes to advance industries, agriculture and human happiness. Unless scientists, 
industrialists and agriculturists are brought together, for putting forth their organised 
and co-operative efforts, to stimulate researches with a view to their practical applicat- 
ions, it is futile to talk of industrialisation of the country. The Planning of Scientific 
Research work on a national basis is as important as the Planning of Industries. 


PROBLEMS AND PLANNING OF SCIENTIFIC WORK 


Economic growth and economic independence of India demand the solution of a 
number of technical problems. The solving of these problems compels, in its turn, the 
raising of a whole series of important theoretical scientific problems. The develop- 
ment of agriculture is bound to forward the development of Genetics and of Biological 
Sciences generally. The exceptional requirements for the full study of the natural 
resources of India are bound to lead to extension of advanced Geology, Geo-physics, 
Geo-chemistry, etc. These facts would obviously reject the false notion, that the re- 
cognition of the practical function of science implies the limitation of its scope and 
the lowering of its task.. The real function of science, as viewed from the complex 
process of social life, is the function of widening and deepening of the practical work 
and increasing its efficacy. Historically, all the sciences grew out of practice, being 
indeed but the rationalisation of practice. The formation of the basic principles of 
Thermodynamics came as a result of the universal spread of steam-efigine, which 
prompted research workers to deal with cognate questions. The same is the case with 
Electrodynamics. If electricity had not played a great role in industry by the end of 
the nineteenth century, we should have had no theory whatever on electrical phenomena. 
The possession of any accurate and scientific knowledge in electricity owes its origin to 
the development of Electro-technics. On these considerations must be based the 
measures to be adopted by our Union Government for the organisation of Scientific 
Research Establishments, the guiding principle being expressed by the slogan of ‘‘Unity 
in Theory and Practice’. By the contact of science with industry and agriculture, a 
number of theoretical problems would be raised and these will be solved in connection 
with general practical probleins which demand urgent solution; and vice versa 
(namely), the solutions of practical problems are illuminated by ‘theory. The Union 
Government therefore should have been well advised to bring, wherever possible, 
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Scientific Research Establishments close to industry, and to work out for them a plan of 
activities answering the needs of the country, as has been recently emphasised by the 
Minister of Industries in the Bombay State. There need be no other restriction on any 
work to be done by the scientists, regarding investigations in theory. 


Planning in connection with the best utilisation of the scientific and other intellec- 
tual assets, is as essential as the planning of industries. ‘The activities of scientific 
workers and institutions need to be well co-ordinated and must be mainly directed 
towards national objectives on the basis of broad co-operation and centralisation. In 
this conhection, as pointed out above, both theoretical and applied research need to be 
synthesised into a powerful instrument. 


In may be observed that the lack of cohesion in scientific work in the last two 
centuries, has lead to extreme differentiation and specialisation of research work, the 
natural result of which is the sharp separation of “‘Academic university science’’ from 
current social problems. Isolated, quiet ‘academic’ laboratories and cabinets with 
individualistic forms of work, can never harmonise with the modern organised economic 
forms of big industry. Lone investigations musi give way to the great collective estab- 
lishments for scientific research. The Indian Union should never lose sight of the above 
facts. Planning should also be compulsorily executed in scientific work in general and 
scientific research in particular, keeping in view a clear perspective of technical and 
economic developments, which means not only the synthesis of science but also a 
social synthesis of science and practice. The relative separation between theory and 
practice should be eliminated and so also the deification of science itself. The aim should 
be that science reaches the pinnacle of its social selfconsciousness in our country. 

For achieving industrialisation, India must face the following main groups of prob- 
lems connected with technical reconstruction:— 


(x1) Prospecting for material wealth which presupposes the development of 
Geology, Geo-physics, Geo-chemistry, Bio-physics, Bio-chemistry, Botany, Zoology, etc. 

(2) Selecting the best methods of utilisation of already known natura! resources 
of the country. 

(3) Preduction of the best means (machines, apparatus, etc.) of such utilisation. 

The above three taken together imply the development of the Mathematical sciences, 
Physics, Chemistry and Biology. 

(4) Devising the best forms of organisation for such utilisation (complex production). 

(5) ‘The rationalisation of production. 

(6) The working man as the subject of the process of iabour. 


The modern scientist knows that the more numerous the experiments and thoughts 
on a given subject, the greater is the likelihood of arriving at the solution of scientific 
problems. Planning no doubt implies a certain restriction, but everyone will agree that 
the solutions of scientific problems can be obtained quicker by planned attack from 
various aspects than by unorganised individual grappling. Of course, the plan must 
be good. If India is to catch up technically and economically the advanced capitalist 
countries, the network of Scientific Research Iustitutions should grow very rapidly. 
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Then comes the planning of thematics (themes for research). A rational system 
would require that planning of thematics would embrace problems demanding immediate 
solutions (arising from the economic set-backs or difficulties encountered to-day), prob- 
lelms connected with the carrying out of current economic plans, problems arising out 
of prospective plans and problems of to-morrow. Not one of these four types should be 
omitted. They must be linked together in some fashion. 

Mutual competition and secrecy, as is evidenced to-day, ought to be replaced by 
mutual information and joint elaboration of general plans by allied scientific establish- 
ments, All this will necessitate the creation of three types of research institutions, 
working in thorough co-operation under proper control, namely,(1) Head Institutes, 
(2) Branch Institutes and (3) Subsidiary Poiuts. 

Next will come the problem of supplying qualified workers, and this problem is 
of an exceptional magnitude. Vast reconstruction will need hundreds of qualified per- 
sons. Then will come the problem of their proper distribution according to the 
different branches of themes of scientific research work, as well as that of securing 
the requisite qualifications of such workers. And finally, will come the problem of 
securing a sufficient influx of reinforcement of all degrees of scientific qualifications. 
Naturally, all the problems enumerated above are interconnected and form funda- 
mental parts of the single plan of scientific work, which in its turn, forms the 
functional part of the general National Plan. We trust that the National Planning 
Commission will take note of all these requirements and make a systematic provision 
for meéting them. 

TYPEs OF SCIENTIFIC RESEARCH INSTITUTIONS 


Experience of National Reconstruction in other western countries induces one 
to recommend the necessity of establishing the following three basic types of Scientific 
Research Institutes : 

(a) Subsidiary Points 
(b) Branch Institutes 
(c) Head Institutes. 


(a) Subsidiary Points —The network of subsidiary points will serve the direct 
interest of the respective industrial enterprises, such as farms, factories, mills, mines, 
etc. Their activities will not merely fulfil the elementary technical tasks connected 
with production {analytical work, examination of quality etc.), but will include the 
elaboration of new methods, improvement of old methods, construction of improved 
models, etc. They will collect data after putting into practice the applications of the 
researches carried out at the Branch Institute. These Subsidiary Points will form the 
integral part of the Central Branch Institute. 


(b)} Branch Institutes.—The Branch Institutes will be required to serve the 
interests of entire branches of industry, agriculture etc. and carry out direct tasks 
given to them by industrial organisations. They raise on their own part, a series of 
prospective problems of more general and profound importance, growing into theoreti- 
cal problems of a fundamental character. In their sphere of activity, they shall 
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keep in contact with the Head Institutes. ‘The Central or Branch Institutes are always 
expected to look ahead for future work and the importance of such work to the Indian 
Union. 

(c) Head Institutes.—The Head Institutes will solve the more general scientific 
questions arising from the whole complexity of the Techno-economic plan. ‘These 
again, do not limit themselves to the above activity, but they shall raise and elaborate 
the great fundamental problems of science, ‘problems of to-morrow’. 

"Such is the line of connection from bottom up. The return road is also perfectly 
clear. The Head Institutes would advise the Branch Institutes and help them in 
solving problems. The technical results of problems handled by the Head Institutes 
are passed on to the Branch Institutes for detailed technological treatment. The 
Branch Institutes in their turn, would advise the Subsidiary Points through whom 
they would carry out the adoption of new technical methods and improved models in 
industry. Experience has shown that such a form of organisation is wholly successful. 
Our Union Government should plan to bring its Scientific Research Establishments 
close to industries and should, if possible, compel them to evolve out co-ordinated 
plans of activities, answering the needs of industries. In the deliberate association of 
science and industry, we can justly see the augury of rapid and successful industrialisa- 
tion. 

May I quote here a few observations made by Mr. Frank Moraes, a Member of the 
Cultural Mission which recently returned from China ? ‘The vast mass of the people 
(in China) is economically better off. Prices of basic commodities are established and 
have been comparatively constant, over the past year. Currency fluctuations are 
controlled. Undoubtedly there is more honesty to-day than was visible in Kuomintang 
times. China is utilising in full measure, the rich wealth of her man power. ‘The 
face of Mao’s China is far more resolute than was the visage of Chiang’s China. The 
one distinguished mark of the (present) regime in China, is the people’s close associa- 
tion with the Government at every layer of activity—political, economic, social, educa- 
tional and cultural. Although the collective principle operatcs in China, everything is 
done not only to encourage but glorify individual performances. The individual 
respects the state, because the state respects him. 

‘"While our studies (in India), particularly in the scientific field, have a bias towards 
academic or fundamental research, China swings to the other extreme. Most of her 
scientific and technical institutes are concentrating on practical applied work of 
immediate urgency and interest. These include subjects such as rinderpest vaccine, 
research on millet and other food grains, anti-pneumonic vaccine for cattle and kind- 
red practical matters. 

“Though on the long-term basis, scientific progress is impracticable without funda- 


mental research, the right solution would be to strike a balance between fundamental 


tesearch and applied research. There appears to be some liaison agency between the 
Goverument and the Institute, whose job it is to sift out immediate practical problems 
for research and pass these on for investigation by the institutes. Why not a similar 
co-ordinating agency here, linked perhaps to the Planning Commission as a corollary, 


jf subordinate, to-day ?”’ 

















PRAFULLA CHANDRA RAY MEMORIAL LECTURE 799 


In the light of the above, the authorities shall, after clearly defining them, allocate 
different tasks to the scientific institutions of the country, as per the planned national 
prograinme, in the interest of the nation asa whole. It is also for the Planning Commi- 
ssiou to allocate a definite position to the mewly created National Laboratories, the 
already existing various Scientific, Technical and Industrial Institutes wherein pure 
as well as applied research is carried on, the University Research Departments, as well 
as the Research Laboratories of Trade Associations, Factories, etc. 


‘TRAINING OF NEW SCIENTIFIC FORCES 


Scientific and technical education in the various Universities and ‘Technical 
Institutions will have to be so organised as to supply a constant flow of artisans, techni- 
cians, technical foremen and engineers as well as trained industrial workers of all 
classes. It is the misfortune of India that its educational authorities have never paid 
adequate attention towards this problem. Instead of creating a number of educated 
young men, who are misfits in any programme of industrial development, it would 
have been immensely beneficial to the country as well as to the young men, if a number 
of Technical Schools, Trade Schools, Industrial Schools, Agricultural Schools etc., 
one at each district centre as well as at each Taluka centre, have been started all over 
the country, so that those students who have no aptitude for college education 
could have been trained up as artisans, technicians and skilled farmers. As 
things exist to-day, the young graduates have practically no openings. More than 
fifty percent of those who join colleges and never finish their education, do not know 
what to do. Even if we confine our attention to the supply of trained scientific 
workers, we shall have to set up some such organisation as the National Academy of 
Sciences, which will be directly responsible to the nation for training up research 
workers as would be needed. We shall have to devise a system under which every 
such research worker shall establish touch with industry. After graduation, he shall, 
in the first two years of his post-graduate career, keep himself in touch with his 
Professor who himself is expected to be in touch with some industry. During the 
third year, the young ‘aspirant’ shall go through a course of advanced study in the 
special branch in which he is taking research work, as also in allied subjects, such as 
Mathematics, Foreign Language etc. In his fourth and fifth year, he will undertake 
a specific problem of research, involving some technical investigations demanding 
solution in practice, or a practical problem awaiting solution, under the guidance of 
his Professor. He will then submit a dissertation of his results and get his Master's 
or Doctor’s degree, after at least two years of research work. If he chooses to be a 
Professor, he works as an assistant, then as a teacher, and after his Doctorate, he can 
wait for a professorship. The Doctorate will usually be obtained by working for form 
seven to ten years after graduation and should only be conferred by the Academy 
of Sciences and a few special Institutions as the case may be. 

The Academy should be the centre of all scientific activities. It should be 


responsible for synthesising the co-ordination of work going on in the various 
laboratories all over the land, special as well as those attache to Universities, Technical 
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Institutions and private organisations. It should base its work upon the principle of 
utmost appreciation of scientific theory tothe practical tasks of national reconstruction. 
Its activities should embrace the group of problems relating to the study and utilisation 
of the natural resources of the country, the systematic investigations of power resources, 
problems relating to agriculture (harvest, fighting drought, cultivation of new corps, 
intensification of cattle raising etc.}, and finally problems connected with social ameliora- 
tion of the masses, and the creation of a classless happy society. ‘The Academy, as the 
highest Scientific Organisation in the Indian Union, should set itself the task ‘‘To study 
the country’s productive forces and contribute to their utilisation’’ and ‘‘to elaborate 
the methods of applying the scientific theories and results of scientific experi- 
ments and observations to the tasks’’ of national reconstruction. If need be, a 
special Council be created for general guidance and planning. Each session of this 
Academy of Sciences should bear the character of scientific contribution to one or another 
branch of the country’s economic life and it should work in close co-ordination with 
the National Planning Commission working for National Reconstruction. If required, 
a number of Scientific Research Laboratories should be placed directiy under the 
Academy of Sciences, so that proper co-ordination is assured in all scientific work for 
National Reconstruction, as envisaged by the State Planning Commission. If convenient, 
different Commissariats may be created for effectively synthesising and collaborating 
all different plans of work, say, for agriculture, heavy industry, education, etc. The 
network of Scientific Research, as carried out in Head Institutes, Branch Institutes, 
Subsidiary Points, Factory Laboratories etc. will keep the Academy of Sciences in 
close touch with the needs of indust'y, creating as it were a continuous flow from the 
most abstract theoretical concepts to the minutest details of practical work. It should 
be difficult to demarcate between pure and applied sciences to be so happily interwoven 
together in future India. 

From the above, it would appear that for industrialisation and National Recon- 
struction, two paths seem to be open to our nation:— 


Either (i) centralising in the hands of the central political authorities, the formation 
of the economic policy of the nation, and thereby subjugating all public and private 
activities of the citizens to the absolute will of the central political authorities, which 
will then follow a policy of planned agricultural economy, planned labour economy and 
a general harmonisation of the industries of the country. Under this system, if the 
central authority is composed of big industrial interests, these will certainly exrevise a pre- 
dominent influence over the Government agencies, in moulding and directing the 
economic policy of the central authorities, in their own interests; 

or (ii) notionalising all the main activites of the nation, such as industries, educa- 
tion, agriculture, transport, etc. In order to achieve this, the nation will have to formulate 
a planned programme in every direction such as education, agriculture, heavy and light 
industries, health, sanitation and m“dicine, production, distribution and exchange, trans- 


port etc. 
It may be that India will have to approach the problem of national reconstruction, 
proceeding along both these paths. The conflicting claims on the economic activities 
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of the country, of industrial syndicates on the one hand and labour organisations on the 
other, will have to be balanced carefully, as is done in Sweden and as advocated on 
similar lines by the present Hon’ble Minister of Production, with a view to harmonising 
them inthe interests of the nation as a whole and not of any particular class. 

A reliable and thorough survey of the industrial resources of the country and of the 
existing industries, is the first essential. The Russian scientists have put in practice 
six different scientific methods for locating the geological wealth of the country, namely, 
magnetometric, graviometric, seismometric, electrometric, radiometric, and geothermic. 
Geo-industrial maps have been prepared in Russia, following a thorough geological survey, 
showing at a glance the localities where oils, coals, metals, etc. are available in the 
bowels of the earth, together with the approximate quantities in which they are 
available. A similar kind of survey is a preliminary essential for the industrialisation 
of India. Similar maps should be prepared for India to show the nature of soils, agri- 
cultural products, industries, water power, fuels, metal ores and so on; for these will help 
us in formulating our future planning of industry, agriculture and even education. 


The next essential in any programme of industrialisation is the cheap 
production and supply of power. One may as well advocate a thorough electrifi- 
cation of the whole country, as the first and foremost essential to national 
reconstruction. ‘This will be followed by a planning out of location of centres, 
for generation and distribution of power throughout the country, according to 
potential and specific needs, keeping in mind the possibilities of establishing different 
industries at definite centres according to the availability of raw materials, the possible 
varied activities in agriculture, national defence and so on. ‘The whole question has 
to be approached from the point of view of the building up of a specific social and econo- 
mic order by the nation, and the matter should therefore be looked at from a strictly 
national rather than an individualistic point of view, so that the benefits and profits are 
secured to the whole nation rather than toa few corporations, combines or companies, 
as is the case in some countries. 

Agriculture is India’s basic industry, because it produces raw materials for all kinds 
of organic industries and thus conditions the prosperity of every other industry in the 
country, as is the case in the U.S.A. Further, it contributes Rs. 22 million to the 
total national wealth of Rs. 40 millions. Of the remaining, Rs. 10 millions are contributed 
by industry and Rs. 8 millions from other sources, It also contributes substantially to 
the nourishment of the nation and thus to the health and vitality of the nation-builders. 
Development in agriculture needs the study of Indian soils, irrigation, eletcrification of 
agriculture, use of up-to-date methods in agriculture, fertilisers, use of new implements 
and a host of other things, all of which entirely depend upon the thorough organisation 
of scientific activities in the country, which need to be mainly directed towards the 
building up of the nation. 

If India is to survive foreign competition, it has to evolve out an efficient and econo- 
mic transport system. A regular planning in connection with the full utilisation of the 
railways in the interest of the nation has tube made. To constuct railways and water- 
ways from Indian materials, would require the varied mineral resources of our nation to 
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be properly worked up. ‘To do this, Science and Technology were encouraged by the 
state, for industrialisation of Germany. Within the early part of the first twenty years 
after the revolution, Russia has successfully organised, established and developed its metal 
industries, in order to enable itself to build its own machinery, required for 
industrialisation of the country. Therein, it has followed the example of Germany and 
America. To achieve a similar goal, India may invite on short term contracts foreign 
experts to help her, as also she must simultaneously push up the technical training of 
her own sons who would be ready to take up in time, the posts of technical engineers, 
foremen, artisans and others, now filled by the foreign experts. 


Side by side, there should be a national planning for the spread of the right kind 
of universal education. The great mass of the nation should be provided with schools 
and technical institutions, wherein a predominence in the programme of education should 
be given to proper technical training of a large number of young men and women who 
would go to constitute the requisite army of engineers, foremen, technicians, skilled 
artisans etc. who could suitably take their proper positions, when industrialisation would 
be progressing towards a full swing. The wide spread of technical education throughout 
Germany and America, has cr-ated armies of technical men and engineers, without 
which industrialisation of these countries would have been impossible. This experience 
has been availed of by the Russians who have organised such a kind of technical educa- 
tion from their primary schools to high schools, technical institutions and Universities. 
Universal literacy combined with a proper training of the hand, the eye and the mind, are 
absolutely essential, if industrialisation is to be successful. Russia has nearly achieved 
this within a decade and a half. 


Planning in connection with best utilisation of the scientific and other intellectual 
assets of the country is as essential as the planuing of industries. The activities of scien- 
tific workers and institutions need to be weli co-ordinated and must be mainly directed to- 
wards definite national objectives, on the basis of broad co-operation and centralisation. In 
this connection, both theoretical and applied research need to be synthesised into a power- 
fulinstrument. No frittering away of national intellect, for the solution of problems not 
bearing on or which has not arisen out of necessity for the solution of national problems, 
should be permitted. A rigorous execution of such a policy is most eusential, at least 
in the initial stages of our efforts. This need not prevent the persuit of such monumental 
researches in pure science, as would advance our national prestige in the scientific world. 


It is also essential to plan out a sound national economic policy and a rigid pro- 
gramme for its execution. Production as weil as distribution should be controlled from 
a national point of view. Most of the trouble in the world has arisen from want of a 
proper balance between production and distribution. Science has discovered and _perfec- 
ted various means for increasing production, and thus provide plenty at a cheap cost, to 
make human life happy. And yet, the distribution is so maladjusted that in order to 
secure higher prices, production is actualiy being controlled and curtailed by corporations 
controlling industries. Thus a very large percentage of the human population on this 
globe is being deprived of the blessings that science has conferred on humanity. In 
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fact, an attempt is made by the industrial forces of the world to enlist science on their 
side, by not only checking the useful applications of science for the benefit of humanity, 
but by actually harnessing science to wipe out or keep under slavery, large portions of 
the human race who are at present struggling for bare existence. This is mainly due 
to maldistribution. The problem of exchange is yet another problem which needs solu- 
tion, in as much as exchange is being utilis:d by stronger and richer nations more for 
the exploitation of the subject races than for augmenting human happiness. 


Lastly, the social order also requires a thorough handling at the hands of the 
National Planning Commission, so that it could be moulded and directed towards the 
main objectives, namely, the uplift of the whole nation and for peace and prosperity on 
earth. Leaders of nations, even in our own times, have actually succeeded in changing 
the psychology of entire nations. The examples of Germany, Italy, Turkey, Japan and 
Russia are before us. If the present social order appear to be based on the principle of 
exploitation of the masses, it may have to be altered so as to consolidate the whole nation 
and thus avoid a future clash between the exploiters and the exploited. 


The nation should be taught to stand firm to make any sacrifices needed from it 
and to resist any attempts made by interested parties within or without the country, to 
prevent the execution of a well planned programme of National Reconstruction, so that 
it can enjoy what is its own. For this, the National Planning Commission should also 
plan out a programme of propaganda, to mould the national mind. 


The main objectives which may be commended to be kept in view may be suimmaris- 
ed as under :- 

(1). Universal literacy and moulding of education in the direction of the combined 
use of the hand, the eye and the brain, to supply an army of trained scientists, technici- 
ans, engineers, as also a band of intellectual men who would be contributors to social 
amenities of life such as music, drama, sports and so on. 

(2). A thorough survey of the natural and industrial resources and of the existing 
industries of the country. 

(3). ‘Ihe organisation of scientific, industrial and agricultural activities under the 
Academy of Sciences. 

(4). Electrification and Chemification of the country. 

(5). A programme of organised efforts for development of agriculture, in all its 
aspects. 

(6). A thorough organisation of the transport system of the country. 

(7). Sound economic policy of the country, to control production, distribution and 
exchange. 

(8). A nation-wide programme for evolving out a definite kind of Social Order 
which will ensure a firm unity of the nation. 

‘9). A programme for intensive propaganda, to prepare the nation for making 
sacrifices demanded of it, and thus resist the attempts made by interested parties to 
prevent the execution of the planned National Programme formulated on some such 


lines as above. 
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Ladies and Gentlemen, I have done. I am indeed very grateful for the patience 
and sympathy extended to me, by all of you. Before our country lies a stupendous task. 
Let us gird up our loins and be prepared for all the sacrifices, the performance of the 
task may demand of us. Like the present day industrialists, let us ‘Unite and Conquer’. 

Oh Acharya Prafulla Chandra Ray ! I invoke thy spirit to bless us in our efforts to 
hold up before the world, the ideal of ‘‘peace and service to humanity,’’ which was so 
dear to you and for which alone, you lived. Who can say Prafulla Chandra Ray is dead ? 
He lives in the hearts of the sons and daugliters of India. 


Jai Hinp 
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ATTEMPTS TO SYNTHESISE 8-LACTAMS 
By T. N. GuHosH AND U. P. Basu 


The action of zinc on ethy! a-bromohippurate has yielded, besides an uncharacterised liquid, a 
solid which has been tentatively assigned an oxazine structure. The properties of the latter compound 
have been studied in detail. 


The fused §-lactam-thiazolidine structure proposed for penicillin has recently 
stimulated an increasing amount of research directed towards the evaluation and 
synthesis of the §-lactam structure. It is felt that synthesis of diverse types of com- 
pounds containing the 8-lactam ring would render possible a comparison of the chemical, 
physical and biological behaviour of these compounds with those of penicillin, and with 
this object in view the synthesis of a compound in which two 4-lactam rings are fused 
together was undertaken. 

Hippuroflavin, obtained by Rugheimer (Ber., 1888, 21, 3321; Amnnalen, 1895, 
287, 50) by treating ethyl hippurate with phosphorus pentachloride, was assigned the 
structure (I). Although recently the structure (Il) for hippuroflavin has been suggested 
as being, in general, more satisfactory than (I) (cf. ““The Chemistry of Penicillin’’, 
Princeton Univ. Press, 1949, p. 771), still the possibility of the structure (I) has not 
been conclusively eliminated. 


Ph.CO—N———-C———-CO Oo—-CO—C=C—CO-——O 
ie Ga Lucho 4 
co—— C———N—CO.Ph Ph.C——===N N= C.Ph 
(1) (II) 


In view of the above observation, the action of zinc on ethy! «-bromohippurate 
has now been studied so that the compound (III), if formed, could be possibly converted 
into (IV), having two 8-lactam rings fused together. 

2 (Ph.CO—NH—CH—CO,Et) Ph.CO—NH—CH—CO,Et 
| +Zn => 
Br EtO,C—CH—NH—CO-Ph 


Ph.CO—N——CH——CO 


| 


CO —CH--—N—Cv.Ph 
(IV) 


(IIT) 





Hass (J. Chem. Soc., 1912, 101, 1254) has found that bromination of hippuric acid 
in presence of phosphorus leads to the formation of *-bromohippuryl bromide. He, 
however, could not isolate x-bromohippuric acid, because it was readily converted into 
a-hydroxyhippuric acid in presence of moisture. Therefore *-bromohippuryl bromide, 
without being isolated, has now been treated with anhydrous ethanol. Alter removal 
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of the solvent, the product (evidently ethyl «-bromohippurate) has oeen heated with zinc 
in benzene-toluene mixture at 105-107°. From) the reaction mixture a colorless solid 
(m.p. 213-14°) and a sweet smelling liquid, which could not possibly be converted into 
a pure, homogeneous coinpound, have been isolated. 

The lactonic character of the compound (m.p. 213-14°) is evident from the fact 
that it is slowly hydrolysed by cold, dilute alkali to a mono-acid (C,,H,,.O,N2, m.p. 
232°, decomp.), which is reconverted into the former on treatment with acetic anhydride. 
The compound (m.p. 213-14°) does not contain any carbethoxy group, as will be borne 
out by the observations that it furnishes only the above mono-acid on hydrolysis with 
7.5% alcoholic potash and remains unaffected when heated with aniline in acetic acid 
at 100° or with aniline at 165°-170° in presence of a trace of copper bronze. ‘These 
observations, coupled with the analytical data and additional properties of the com- 
pounds, as given in the Experiinental, indicate that the compound (m.p. 213-14°) and 
the mono-acid have possibly the structures (V) and (VI) respectively, formed from the 
intermediate compound (III) according to the following scheme. 





Ph.C=N—CH—CO,Et Hydrolysis and 
(Ill) —> | | —_> 
O—CO-CH-NH.CO.Ph decarboxylation 
Ph.C=N—CH, 
| | 
O-CO—CH—NH—CO.Ph 
Conc. HC! (Vj NaOH 1 t AO 
J 
Ph.C=N—CH, Ph.CO—-NH—CH, 
| | Cone HCl | 
O—CO-CH—NH,.HCI <—__———_ HO,C--CH-—NH—CO.Ph 
{VIJ1) ; (VI) 
eT See 
CH 
ff x21 oy 
CO N 
| Ul 
O———C..Ph 
(VITI) 


The hydrolysis and decarboxylation, at the intermediate stage as outlined above, 
have been possibly effected by hydrobromic acid and metaphosphoric acid, which have 
accompanied ethyl «-bromohippuraie (vide Experimental). The influence of “strong 
phosphoric acids’ in decarboxylating amir -acid derivatives has been recently deimon- 
strated by Synder and Werber (J. Amer. Chem. Soc , 1950, 72, 2962). With concen- 
trated hydrochloric acid the compound (V) furnishes the amine hydrochloride (VII) 
with elimination of benzoic acid. The compound (VII) is also obtained by treatment 
of (VI) with concentrated hydrochloric acid. The amine hydrochioride (VII) readily 
gives an insoluble mercury derivative with mercuric acetate and in this respect resembies 
ethylenediamine and 1:2-diaminopropionic acid (cf. Schneider, Annalen, 1937, §29, 1). 
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This mercury derivative, when treated with sulphuretted hydrogen in presence of 
hydrochloric acid, regenerates the amine hydrochloride (VII). 

The possibility of the compound (m.p. 213-14°) having the alternative structure 
(VIII) is precluded by the observation that 2-acylamino acids or their esters require the 
action of some dehydrating agent (e. g., phosphorus pentachloride, phosphorus pen- 
toxide, acetic anhydride etc.) for conversion into oxazolones (cf. Karrer and Granachar, 
Helv. Chim. Acta, 1924, 7, 763; Mohr and Stroschein, Ber., 1909, 42, 2521). 
Further, the inertness of the compound towards aniline is inconsisteut with the oxazo- 
lone structure (VIII). 

The constitution of (VI), which is an amino-acid derivative, is confirmed by the 
observation that this acid, on treatment with benzoyl chloride in presence of pyridine 
at 100°, is converted into.the ketone (1X) with elimination of carbon dioxide. In this 
connection reference is made to the interesting finding made by several workers (Levene 
and Steiger, J. Biol. Chem., 1927, 74, 689 ; 1928, 79, 95 ; Dakin and West, ibid., 1928, 
78, ot, 745, 757; Wiley, J. Org. Chem., 1947, 12, 43) that hippuric acid, glycine and 
many other amino-acids are converted into @-acetamido-ketones, with elimination of 
carbon dioxide, when heated with acetic anhydride in presence of pyridine. With 
both acetyl chloride and benzoyl chloride also, in presence of pyridine, the respective 
ketone is simiiarly obtained, though in poorer yield due to the vigorous reaction that 
takes place (Dakin and West, loc. cit.). Recently it has been observed by Attenburrow 
etal. (J. Chem. Soc., 1948, 310) that benzoyl-a-alanine, under base-catalysed conditions, 
forms an acylamido-ketone, with elimination of carbon dioxide. It is therefore 
not unexpected that the compound (VI), which is a substituted benzoyl-t-alanine deri- 
vative, is decarboxylated under base-catalysed conditions to furnish the ketone (IX). 


Ph.CO—NH—CH, 


Ph.CO—CH—NH—CO.Ph 
(IX) 


It is significant to note that the acid (VI) is not decarboxylated when heated in pre- 
sence of pyridine alone at 100°, and this finding is in conformity with the general obser- 
vation that acylamido acids do not lose carbon dioxide in the absence of an anhydride 
or acid chloride (cf. Wiley, Science, 1951, 114, 448). 


ExPERIMENTAL 


Action of Zinc on Ethyl @-Bromohippurate: Formation of 2-Phenyl-5-benzoyl- 
amino-6-keto-1:3-oxazine (V).—The bromination of hippuric acid (20 g.) in carbon 
tetrachloride in presence of red phosphorus was carried out according to the method 
of Haas (loc. cit.). After completion of the reaction, anhydrous ethanol (90 c.c.) was 
gradually added to the cooled mixture, when a vigorous reaction started and was con- 
trolled by external cooling. After being allowed to stand overnight, the mixture was 
refluxed on the water-bath for 2 hours. Etlianol and carbon tetrachloride were removed 
as far as possible, under reduced pressure, when a semi-solid mass was left behind, 
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which still retained vapours of hydrobromic acid, besides metaphosphoric acid: It was 
not, however, found possible to remove traces of these acids due to the fact that treat- 
ment of the crude ethyl *-bromohippurate in an anhydrous, inert solvent with silver 
oxide or zinc oxide leads to the formation of water, which immediately reacts with 
elhyl «-bromohippurate to yield the corresponding «-hydroxy compound. 

The above semi-solid mass was next treated with a benzene-toluene mixture (i :1; 
125 ¢.c.) to which freshly purified zinc dust (12 g.', together with a minute quantity of 
iodine, was added and the resulting mixture was heated under reflux in an oil-bath at 
105°-107° for 6 hours and then filtered in the hot condition. After removal of the solvent 
under reduced pressure, a semi-solid mass was left behind, which, when treated with 
ether*, furnished a colorless solid (4.5) g.). The solid was crystallised from 92% 
ethanol or from a large volume of hot water in colorless plates, m.p. 213-14° ‘unaltered 
by further crystallisation). (Found: C, 66.02, 66.01; H, 5.56, 5.48; N, 8.93, 8.9. 
C,,H,.O;N, H,O requires C, 65.38; H, 5.13; N, 897 per cent’. The substance 
contains 1 molecule of water of crystallisation, which is tenaciously held and could not 
be removed by heating at 105°-r10° under a pressure of 6-7 mm. It is insoluble in 
cold dilute minerai acids and in aqueous alkali carbonate. It is not readily soluble in 
cold dilute alkali but very slowly goes into solution to yield on acidification the mono- 
acid (VI; vide infra). It does not give any distinctive coloration with ferric chloride. 
The substance is not formed when the above crude ethyl «-bromohippurate is heated 
alone in benzene-toluene mixture but requires the action of zinc for its formation. 

From the above ethereal filtrate*, a sweet smelling liquid (10.2 g.), giving test for 
bromine, was obtained and found faintly acidic. It distilled at 84°-122°/3-4 mm. to 
yield a neutral, bromine-free liquid which, on standing fora few days in a desiccator, 
deposited a film of a solid (1.2 g.)}, identified to be the above compound (m.p. 213-14°). 
The liquid, however, could not be induced ty redistillation to yield a pure, homo- 
geneous substance of constant boiling point. 

%-Benzoylaminomethylhippuric Acid (V1j.—A mixture of the above compound 
(V, 5g.) and aqueous sodium hydroxide solution (10%, 90c.c.) was warmed on the 
water-bath when a clear solution was readily obtained. Without further heating the 
solution was cooled and acidified, under cooling, with concentrated hydrochloric acid 
to furnish a colorless solid. It was crystallised from ethanol in colorless needles 
(3.5 g.), m.p. 232° (decomp.). [Found: C, 65.94; H, 5.46; N, 9.11; M.W. ‘by poten- 
tiometric titration), 316.8. C,,H,.O,N. requires C, 65.38; H. 5.13; N, 8.97 per cent. 
M.W., 312). It is readily soluble in cold aqueous bicarbonate or alkali and titrates 
against standard aikali as a mono-acid. (Found: neut. equiv., 320. C,;H,.O,N2 requires 
neut. equiv., 312). ‘Ihe hydrolysis of (V) to {VI) with 10% aqueous caustic soda 
solution also takes place at room temperature but at a very slow rate. 

By heating under reflux for 3 hours a solution of the above acid (VI) in acetic anhy- 
dride and working up as usual, the compound (V, mixed m.p. 213-14°) was obtained. 

2-Phenyl-5-amino-6-keto-1:3 oxazine Hydrochloride (VII).—A mixture of the com- 
pound (V, 1.5 g.) and concentrated hydrochloric acid (60 c.c.) was heated under reflux 
on the water-bath with frequent stirring. After about 4 hours a clear solution was 
obtained and the heating was continued for 2 hours more. On cooling the solution 
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gradually deposited a small quantity of a crystalline solid, identified to be benzoic acid. 
After filtration the solution was diluted with equal volume of water and evaporated to 
dryness. The cooled residue was triturated with water and the small quantity of in- 
soluble solid (benzoic acid) was filtered. The aqueous solution on evaporation to dry- 
ness yielded colorless, shining plates. The solid was washed with anhydrous ethanol, 
in which it is sparingly soluble, and then with ether, yield 0.5 g. On heating, the 
hydrochloride sublimed without melting and was purified by sublimation, when it was 
obtained as a colorless powder. (Found: N 12.08; Cl, 15.12. CioH,.O.N.. HCl 
requires N, 12.36; Cl, 15.67 per cent). 

The above compound (VII) was also obtained from (VI) by similar treatment with 
concentrated hydrochloric acid. The similar elimination of benzoic acid in this hy- 
drolysis was also confirmed. 

When an excess of aqueous solution of mercuric acetate was added to an aqueous 
solution of the above compound (VII), immediately a white granular precipitate of the 
mercury complex was obtained, which was insoluble in water and in ordinary organic 
solvents. It dissolved in concentrated hydrochloric acid and the solution after dilution 
with water was saturated with hydrogen sulphide. After removal of precipitated 
mercuric sulphide, the solution furnished on evaporation the above compound (VIT). 

«8-Dibenzoylaminopropiophenone (IX).—Benzoyl chloride (12 c¢.c.) was added 
to a solution of the above compound (VI, 3.5 g.) in pyridine {30 c.c.). After heating the 
solution on the water-bath for 5 hours, it was cooled and diluted with water (200 c.c.). 
On brisk shaking, a pasty solid was obtained, which was filtered and triturated with 
dilute alkali. The solid, after being washed with ether to remove the adhering pasty 
matter, was crystallised from ethanol in cream-coloured rectangular plates {1.4 g.), m.p. 
232-34°. (Found: N, 7.23. C23H2oOsN2 requires N, 7.52 per cent). It is insoluble even 
in 5% warm aqueous alkali. 

The oxime crystallised from aqueous ethanol in cream-coloured needles, melting 
at 161-62° to a viscous liquid. It is soluble in cold dilute alkali (Found: N,10.48. 
C.;H,,0,N; requires N, 10.85 per cent}. 

The authors wish to express their thanks to Mr. Samir Banerjee, M.Sc., for his 


help in the course of this investigation. 
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TRANSFORMATION OF BIGUANIDE INTO DICYANDIAMIDINE* 


By NAKULESWAR KuNDU AND PRIYADARANJAN RAy 


An acid solution of the N!-p-sulphonamidophenylbiguanide hydrochloride has been found, on 
keeping overnight at the ordinary temperature, to deposit wooly crystals of a sparingly soluble subs- 
tance, the constitution of which has been proved to be identical with the dicyandiamidine with 
CO adjecent to the aryl substitution. 


From the study of a number of isomeric dicyandiamidines it has been concluded that all dicyan- 
diamidines with CO adjacent to an aryl group give no reaction with copper and nickel salts, while those 
with CO-group farther from the aryl or beside an alky!] group give this reaction as usual. 


Of the various biguanides described, it has been observed that only those with sulphaniiamide or 
substituted sulphanilamide at N'-position undergo rapid hydrolysis in acid solution into the correspond- 
ing dicyandiamidine. The change is, however, inhibited by an alkyl or aryl substitution at N®°-atom 
of the biguanide molecule. 

Since the discovery by Curd and Rose (J. Chem. Soc. 1946, 729) of ‘Paludrine’, 
N'-p-chlorophenyl-N*-isopropylbiguanide, much attention has been concentrated on the 
study of biguanide derivatives and allied compounds, with particular reference to their 
physiological properties. 

The chemistry of biguanide and its complex compounds with metallic elements is 
being studied in this laboratory for over twelve years (Ray and Saha, this Journal, 
1937, 15, 670 and subsequent publications). In course of the preparation, purification 
and crystallisation of N’-p-sulphonamidophenylbiguanide, it was observed by N. Ghosh 
of this laboratory that in acid solution this biguanide underwent a rapid change at the 
ordinary temperature into a new product that gave no coloured complexes with copper 
and nickel salts. ‘This forms the nucleus of the present paper which embodies, in addition 
to the establishment of the constitution of the transformation product, a study of its pro- 
perties and the effect of substitution on the rate of change. ‘This rapid hydrolytic change 
of the substituted biguanide at the ordinary temperature is a new observation, though 
during the course of this investigation Curd et al. (J. Chem. Soc., 1949, 1732) reported 
that paludrine, when kept in hydrochloric acid for a year, deposited a compound, the 
constitution of which was confirmed by synthesis to be the dicyandiamidine. They 
then synthesised several dicyandiamidine of this structure as well as of the alternative 
structure corresponding to (I) by methods different from those adopted here. 


An acid solution of N'-p-sulphonamidophenylbiguanide, prepared in the usual way, 
deposited on keeping at the ordinary temperature for about 10-12 hours, long needle- 
shaped crystals of a sparingly soluble product. The analytical data of the product 
suggested that it might be one or the other of the corresponding dicyandiamidine (guany]l- 
urea) of the constitution (1) and (II), resulting from the acid hydrolysis of the biguanide. 


* A preliminary note was published in the Science & Culture, Vol. 15, p. 240, 1949; Vol. 15, p. 
449, 1950. 








812 N. KUNDU AND--P. RAY 


p-R-C,H,-NH-C(:NH)-NH-C(:NH)-NH, 
H,0 (acid) 
{ 
ccm a a care sae p-R-C.H,-NH-CO-NH-C (:NH)-NH, 
(I (TT) 
[R= -—SO,NH,] 


‘The changed product in alkaline solution was, however, found to give no complex 
compounds with copper or nickel salts unlike dicyandiamidine (guanylurea). 

In order to arrive at a definite decision about the nature and the constitution of 
the changed product, a direct synthesis of the dicyandiamidine of the constitution (I) 
and (II) was therefore considered desirable. : 

Attempts were first made to synthesise the substituted jdicyandiamidine of the 
structure (I). This could easily be obtained from the corresponding dicyandiamide 
(III) by hydrolysing the latter with dilute mineral acids. But the preparation of this 
dicyandiamide by the inethod of Curd and Rose (loc. cit.) 


b-NH,S0,-C,H,-NH-C (:NH)-NHCN 
(III) 


led to no fruitful result (cf. Bami, J. Ind. Inst. Sci., 1946, 29A, 1; 1948, 11, 15; 
Science @ Culture, 1047, 12, 448). This was, however, smoothly prepared by 
refluxing an equimolecular mixture of sulphanilamide hydrochloride and sodium salt 
of dicyanimide in aqueous solution (Curd, Hendry, Kenny and Rose, j/. Chem. Soc., 
1948, 1633). The dicyandiamidine (I), thus obtained, gives, however, as usual, the 
characteristic coloured complexes with copper and nickel salts. Some other dicyandi- 
amidines of the structure similar to (I) have also been prepared and their properties 
studied. 

It was therefore thought that the changed product, under investigation, might be the 
other isomeric form of dicyandiamidine (II). For the compound with structure (II), 
phenyldicyandiamidine [C,H;.NH-CO-NH-C (:NH)-NH,, IV] was first synthesised by 
fusing guanidine carbonate and phenylurea or urethane with the elimination of ammonia 
or ethyl alcohol respectively. The product failed to give any characteristic reaction of 
dicyandiamidine with copper and nickel salt solutions. ‘This suggested that the changed 
product was evidently of this structure with CO-group adjacent to the phenyl radical. In 
order to study the range of applicability of this method, several other substituted ureas 
or urethanes were fused with guanidine carbonate. The method proved successful with 
p-chlorophenyl- and p-acetylaminophenyl-urea, as well as with certain othér aryl subs- 
tituted urea or urethane, but failed, however, in the case of their sulphonamide deriva- 
tives. It was finally observed that. phenyldicyandiamidine (1V), thus synthesised, like 
the phenylurea or phenylurethane, could be converted into /-sulphonamidophenyl- 
dicyandiamidine by treatment with chlorosulphonic acid followed by ammonia (Cox, 
(J. Amer. Chem. Soc., 1940, 62, 743; Adams, Long and Johnson, ibid., 1939, 61, 2342). 
This led to the synthesis of the compound with properties identical with those of the 
changed product from N’-p-sulphonamodophenylbiguanide. The identity of these two 
was established from their melting points and complete analysis. 
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A similar method was also applied to obtain p-sulphonamidophenyldicyanidiamidine 
from phenyldicyandiamidine of the structure similar to (I, where R=H). But the 
isolation of the dicyandiamidine presented serious difficulties. This method was, 
however, satisfactorily employed for the sulphonation of the compound of the type, 


C.H;.NH-CO-NH-C (:NH)-N(C.H5)., (V) 


Effect ‘of Substitution on the Rate of Transformation.—Various substituted bigua- 
nides (viz., phenyl, p-chlorophenyl, p-sulphonic acid phenyl, p-oxyphenyl, diethyl, 
ethyl, etc.) in presence of 2.5 N hydrochloric acid gave no such changed products within 
a month. An acid solution of phenylbiguanide separated the expected product 
atter a year. Rapid hydrolysis similar to that of N'-p-sulphonamidophenylbiguanide 
has also been observed in the case of its derivatives. ‘T’he influence of substitution of 
alkyl or aryl groups at different positions in the molecule on the rate of change is shown 
in Table I. 


TABLE I 


p-R,R,N-SO,-C,.H,-NH-C (:NH)-NH-C (:NH)-NR;R, 


Rj. R;. R3. Ry Observation (in 2.5 N- 
HC). 

H H H H Change (rapid) i.e. within 
12 houis. - 

CH, C,H; H H "9 

CH; CH; H H . 

CyH; H H H ” 

CesH; H H H ” 

H H H CeH; No rapid change i. ¢. not 

within a month 

H H H CyH; ” 

H H H iso-C3H; ” 

H H C,H; CH; ¥ 

CH, C,H; H CsH; ” 

CeHs H H CH; 

CH; CH; H CoH; + 

CoHs H H CsH; = 


It has been observed that the sulphonamido group in the /-position of the phenyl 
radical is essential for the rapid hydrolytic change of the biguanide. This hydrolytic 
change is also manifested even when free amido hydrogens in the sulphonamido group 
are replaced by alkyl, dialkyl or arylradical. But the change is more or less strongly 
inhibited by an alkyl, dialky or aryl substitution in the N°-position of the biguenide. 
This stabilising effect possibly arises from increased resonance resulting from conjugation 
in the case of aryl and hyperconjugation in the case of alkyl. 
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Dicyandiamidines: Characteristic Reactions.—It is well known that the dicyandiami- 
dines give characteristic coloured complexes with copper and nickel salts in alkaline 
medium similar to those of biguanides. 





R—NH—C--NH—C—NH; R—NH—C—NH—C--NH, 7 
™ I i a 
\ N ° N 4 
Me ¢ » Met 
‘ N N a, 
v4 l | “ . 
R—NH—C—N H—C—NH, R—NH—C—NH—C—NH, 
= NH yer Ag O at 
(Substituted biguanide complex) (Substituted dicvandiamidine complex) 


In the literature this is described as a distinguishing test for this class of compounds. 
It has now been observed that all those substituted dicyandiamides with an aryl group 
adjacent to the CO-group fail to respond to this test—a fact which escaped the observa- 
tion of Curd and Rose (loc. cit.). 

In order to investigate fully this particular reaction of dicyandiamidine, various 
other dicyandiamidines with substitutions in N' and N° positions were prepared and 
their properties studied. 

Simple pheny]-, p-chiorophenyl- or p-acetylaminophenyl-dicyandiawidine, as pre- 
pared by the fusion method, did not gjve any complex compounds with copper and 
nickel salts. N’-phenyl-N’-phenylbiguanide and N’-phenyl-N*-diethylbiguanide were 
converted into their dicyandiamidine derivatives with CO-group adjacent to the aryl 
radical by an excess of nitrous acid, according to the method of Curd and Rose (loc. cit.). 
The products did not give any coloured complexs with copper or nickel salts. N'-p- 
sulphonamidophenyl-N*:N*-diethyldicyandiamidine, synthesised as already decribed, 
also fails to react with copper and nickel salts in alkaline solution. Again N’-phenyl- 
N‘:N*-diethyldicyandiamidine, prepared by fusing phenylguanidine carbonate and 
diethylurea, which contains the CO-group adjacent to the alkyl substitution, was 
found to behave normally giving the expected copper and nickel complexes. It can 
therefore be concluded that the complex formation with nickel and copper salts by 
substituted dicyandiamidine is inhibited when there is an aryl group adjacent to the 
CO-group in the molecule. 

A possible explanation of this behaviour might be suggested here. If the struc- 
ture of the metallic complex of the dicyandiamidine be represented as shown below in 
a manner similar to that of biguanide complexes, which is not unreasonable from the 
similarity in the properties of the two types of complex, the co-ordinating capacity 


1 2 4 
R—NH--C—-NH—C—NH, 
i ee Il 


3 Me; 
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of N’-atom situated in between two negative groups, namely carbonyl and phenyl, is 
likely to be reduced. The valence electrons of the N’-atom will be shifted towards the 
negative groups making it slightly positive and its lone-pair of electrons will therefore 
be comparatively firmly held by it, making these unavailable for co-ordination, 

A study of the specific reaction rate of the transformation of these biguanides into 
the corresponding dicyandiamidines in acid solution is now under investigation and 
the results will be published in due course 


ExPERIMENTAL 


N'-p-Sulphonamidophenylbiguanide Sulphate.—Sulphanilamide (8.6 g.), dicyandi- 
amide (4.2 g-), 3% hydrochloric acid (5.5 .¢.c.) and water (30 c.c.) were refluxed to- 
gether for one and half hour. The clear solution after cooling was then treated with 
an ammoniacal copper sulphate ‘5 g.) solution to separate the complex copper biguanide 
sulphate as a rose-red precipitate. This was decomposed in aqueous suspension with 
H.S. The filtrate from copper sulphide was freed from H,S and treated with absolute 
alcohol, when the biguanide sulphate was obtained as light coloured crystals. ‘These 
were purified by digestion with active charcoal in aqueous solution, followed by precipi- 
tation with alcohol. The colorless crystals of the compound were washed with 
absolute alcohol and dried in air, m.p. 108-200°, yield 5.4g. [Found: N, 26.71; 
SO,, 15 25; S (total), 15.20; H,O (by loss at 110°), 2 60. (Big), H.SO,, H.O requires 
N, 26.75; SO,, 15.28; S(total), 15.28; H,O, 2.86 per cent. Found for the anbydrous 
compound: N, 27.65; SO,, 15.81; S (total), 15.70. (Big),H.SO, requires N, 27.54; 
SO,, 15.74; S(total), 15.74 percent]. [(Big)=C,H,,.0.N.S, a molecule of p-sulphon- 
amidophenylbiguanide ]. 

The free biguanide base was obtained by treating the solution of the sulphate 
with caustic soda in the cold. ‘The product was purified by recrystallisation from hot 
water. The crystals were washed with cold water and dried over KOH in vacuum; m.p. 
190-92°. ‘The base is sparingly soluble in water but dissolves readily in acids and 
alkalies. (Found: C, 37.10; H, 4.77; N, 32.°5; S, 12.52. CsHi202N,S requires C, 37.50; 
H, 4.68; N, 32.81; S, 12.50 per cent). 

The Dicyandiamidine Sulphate-—A concentrated solution of N'-p-sulphonamido- 
phenylbiguanide sulphate (6.2 g.) was treated slowly with concentrated sulphuric acid 
(2 c.c.) and the mixture was allowed to stand overnight at the room temperature, when 
a quantity of sparingly soluble shining crystals was deposited from the solution. These 
were washed successively with water and alcohol, and then dried in air, m.p. 212-14°, 
yield 4 g. 

This forms the acid sulphate of the dicyandiamidine. It gave no coloured complex 
with copper or nickel salts. [Found: N, 18.57; SO,, 25.42; S (total), 17.10; H,O 
(by loss at 110°}, 4.79. C.H,,0;N;S.H,SO,, H,O requires N, 18.77; SO, 25.74; 5 
(total), 17.16; H,O, 4.82 per cent]. 

The normal sulphate was obtained from the hydrochloride solution by adding an 
excess of ammonium sulphate. ‘The sparingly soluble crystals were recrystallised from 
hot water, m.p. 224°. [Found: N, 22.82; SO,, 15.53; S(total), 15 51. (CsH,,O,N35)2. 
H,SO, requires N, 22.87; SO,, 15.68; S(total), 15.68 per cent]. 
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The dicyandiamidine hydrochlororide was obtained by adding an excess of concen- 
trated hydrochloric acid to the cold solution of the biguanide hydrochloride and allowing 
the mixture to stand overnight. A crystalline precipitate was obtained, which 
was filtered and washed with cold water. The filtrate on standing deposited a 
further quantity of the compound. These were mixed and finally recrystallised from 
hot water, m.p. 236°, yield 6g. The substance forms long wooly crystals, highly 
soluble in water. It gave no complex compounds with copper or nickel salts. [Found: 
N, 22.43; Cl, 11.18; S, 10.31; H,O (by loss at 110°), §.59. CsH,,0;N;S.HCl, H,O 
requires N, 22.47; Cl, 11.40; S, 10.27; H.O, 5.77 per cent]. 

The free dicyandiamidine base was prepared from the hydrochloride with the calcula- 
ted amount of sodium hydroxide solution. The crystals of the separated base were 
washed first with cold water, then with cold alcohol and finally dried over KOH; m.p. 
214-16°. (Found: C, 37.46; H, 4.64; N, 27.19; S, 12.34. CsH,,0;N;S requires C, 37.35; 
H, 4.28; N, 27.23; S, 12.45 per cent). 


2. Phenyldicyandiamidine Sulphate (with CO-group away from the phenyl).—Phe- 
nyldicyandiamidine was prepared, following the method of Curd and Rose (loc. cit.). 

Phenyldicyandiamide (6.4 g.) and dilute sulphuric acid (50 c.c., N/2) were heated 
together in a basin on the water-bath when a slightly coloured crystalline mass was 
obtained which was purified by recrystallisation from hot water, m.p. 186-88°, yield 
8g. ‘The substance is fairly soluble in water and gives coloured complexes with copper 
and nickel salts as usual. [Found: C, 42.31; H, 5.27; N, 24.63; SO,, 20.70. (CsH,oON,)2- 
H.SO, requires C, 42.29; H, 4.85; N, 24-66; SO, 21.14 per cent]. 

3- p-Chlorophenyldicyandiamidine sulphate (with CO-group away from the 
phenyl) was prepared from p-chlorophenyldicyandiamide and dilute sulphuric acid as 
in the previous case. [Found: N, 21.33; SO,, 18.60. (C,H,ON,Cl)..H.SO,; requires N, 
21.40; SO,, 18.35 per cent]. 

4. p-Sulphonamidophenyldicyandiamidine (base) (with CO-group away from the 
bhenyl).—Sodium salt of dicyanimide was prepared following the method of Medelung 
and Kern (Annalen, 1922, 427, 1) with necessary modifications. 


A mixture of ice and water (40 g. crushed ice and 165 c.c. water) was taken in a 
1-litre beaker. Commercial calcium cyanamide ‘50g.) was gradually added into it 
with vigorous stirring. As soon as the calcium cyanamide was thoroughly suspended 
in water, a cold solution of sodium hydroxide (23 g.) in water (50c.c.) was added 
slowly. The suspension was stirred quite briskly for an hour in the cold. The solution 
was filtered in the cold from the various impurities persent in the commercial cyanamide. 
To the well-cooled filtrate containing disodium cyanamide, solid cyanogen bromide was 
gradually added with stirring till the solution became neutral or slightly acidic to litmus 
and the smell of the cyanogen bromide in the mixture became persistent. The solution 
was allowed to stand overnight. It was then filtered and the filtrate was evaporated 
on the water-bath, when the yellow coloured sodium salt of dicyanimide with sodium 
bromide separated out. The product was recrystallised from water for purification and 
the removal of the sodium bromide present. For analysis, it was again crystallised from 
alcohol. (Found: N, 47.08; Na, 26.25. C,N;Na requires N, 47.19; Na, 25.84 per cent). 
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p-Sulphonamidophenyldicyandiamide.—Sulphanilamide hydrochloride (10.4 g.), 
sodium salt of dicyanimide (4.5 g.) and water (soc.c.) were refluxed together with 
stirring for 3 hours. ‘The mixture was cooled when a colorless solid separated out. 
This was then recrystallised twice from hot water after treatment with activated char- 
coal, mi.p. 215°, yield 6g. ‘The substance is soluble in hot water but sparingly so in the 
cold. It is readily soluble in methyl and ethyl alcohol, but sparingly soluble in benzene, 
toluene, dioxane, ethyi acetate, etc. (Found: N, 28 89; S, 13.58. CsH,O.N;S requires 
N, 29.29; S, 13.39 per cent). 

A mixture of /-sulphonamidophenyldicyandiamide (11.5 g.) and dilute hydro- 
chloric acid (roo c.c., N) was heated in a basin on the water-bath for 3 hours. 
To the conceutrated solution of the hydrochloride of the product a calculated amount of 
sodium hydroxide solution was added to separate the base. It was filtered, washed with 
cold water and then recrystallised from hot water containing a few drops of dilute sodium 
hydroxide solution. The crystals were collected and dried over KOH, m.p. 182°, yield 
7g. The substance is fairly soluble in water. Its salts, viz. hydrochloride and sulphate, 
are highly’soluble in water. The solution gives characteristic coloured complexes with 
ammoniacal copper and nickel salt solutions. (Found: C, 37.44; H, 4.53; N, 27.453 
S, 12.23. C,H,,03;N;S requires C, 37.35; H, 4.28; N, 27.30; S, 12.45 per cent). 


5. Phenyldicyandiamidine Sulphate (with CO adjacent to the phenyl group): (a) 
From Urea Derivative.—An intimate mixture of phenylurea (2.7 g.) and guanidine 
carbonate (2 g.) was fused together with constant stirring on the sand-bath at 125°-135° 
for an hour. Ammonia was evolved and the mass remained in the molten state. It 
was cooled and extracted with dilute hydrochloric acid. The solution, after filtration, 
was treated with an excess of ammonium sulphate. The precipitated crystals were 
filtered, washed and then recrystallised from hot water, m.p. 232°, yield 0.5 g. 
The substance is sparingly soluble in cold water but readily in hot water. It 
does not give any characteristic coloured complexes with copper or nickel salts. 
[Found: C, 38.91; H, 5.60; N, 22.06; SO,, 19.69; H.O (by loss at 110°), 6.88. 
(C;H,,ON,),H.SO,, 2H.,O requires C, 39.18; H, 5.30; N, 22.85; SO,, 19.590; H.O, 7.34 
per cent. Found for the anhydrous compound: N, 24.64; SO,, 20.64. (CsH,.ON,),.H,SO, 
requires N, 24.66; SO,, 21.14 per cent]. 

(b) From Urethane Derivalive.—An intimate mixture of phenylurethane (3.3 g.) 
and guanidine carbonate was heated in a small distilling flask over a paraffin bath at 
140°-150°, when alcohol distilled out. After an hour the fused mass was extracted 
with dilute HCl and worked out as in the previous case; m.p. 230-32°, yield 0.55 g. 
The product was identical with that described in (a). [Found for the anhydrous 
compound: N, 24.88; SO,, 20.95. Calc. N, 24.66; SO,, 21.14 per cent]. 

6. p-Chlorophenyldicyandiamidine sulphate (CO adjacent to the phenyl group) 
was prepared from -chlorophenylurea {3.4 g.} and guanidine carbonate (2 g.) in a 
manner similar to that described above. The substance forms long needle-shaped crys- 
tals, m.p. 265°, yield 0.4 g. It does not give any copper or. nickel complexes. 
[Found N, 21.14; SO,, 18.63. (CsH,ON,Cl),H2SO, requires N, 21.41; SO,. 18.52 
per cent]. 
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7. p-Acetylaminophanyldicayndiamidine sulphate (CO adjacent to the phenyl 
group) was prepared like the previous compounds from p-acetylaminophenylurea (3.8 
g.) and guanidine carbonate (2 g.) as a colorless solid, yield, 0.2 g. 1t does not give 
any complexes with copper or nickel salts. The substance decomposes when heated to 
256°. [Found: N, 24.98; SO,, 17.20. (C,.His0.Ns)2H,SO, requires N, 24.64; SOx, 
16.90 per cent]. 

8. Synthesis of p-Sulphonamidophenyldicyandiamidine (CO adjacent to the phenyl 
group): Normal Sulphate.—Phenyldicyandiamidine sulphate (10 g.), previously synthe- 
sised (vide No. 5), was dehydrated at 110° for 6-10 hours. The anhydrous compound 
was then gradually added to chlorosulphonic acid {25 c.c.) at o° with efficient stirring. 
The mixture was warmed on the water-bath at 50° for an hour. The product was then 
cooled and poured in a thin stream into cracked ice, mechanically stirred. Sulphonyl 
chloride of phenyldicyandiamidine separated 1s a colorless solid. This was filtered and 
washed thoroughly with cold water. The semi-dried sulphonyl chloride was gradually 
added with repeated shaking to ammonia (50 c.c., 1:1 solution), when p-sulphonamido- 
phenyldicyandiamidine separated out. ‘This was filtered, washed and recrystallised 
from hot water containing a few c.c. of dilute sulphuric acid. ‘The shining colorless 
crystals that separated out were collected, washed first with cold water, then with 
alcohol and finally dried in air; m.p. 224°, yield 4g. The substance is sparingly soluble 
in cold water but readily soluble in boiling water. The crystalline form, solubility and 
melting point of the substance are identical with those of the normal sulphate of the hy- 
drolysed product from p-sulphonamidophenylbiguanide (No. 1.) ; mixed m. p. 224°. 
Like the latter it does not give characteristic coloured complexes with copper and nickel 
salts. [Found: N, 22.86; SO,, 15.76; S(total), 15.75. (CsH,,0;N;S),.H.SO, requires 
N, 22.87; SO,, 15.68; S(total), 15.68 per cent]. 

The Free Base.—Dilute caustic soda solution (40 c.c., N/2) was slowly added 
with stirring to a solution of the above described sulphate (6.1 g.) at 60°, when almost 
instantaneously a colorless crystalline compound separated out. This was purified in 
the usual way ; m.p. 214-16°, yield 3.8g. The melting point of the product was not 
depressed when admixed with the hydrolysed product. lFound : C, 37.53; H, 4.62 ; 
N, 27.053 S, 12.20. CsH,,0;N;S requires C, 37.35; H, 4.28; N, 27.23; S, 12.45 
per cent). 

9. p-Ethylsulphonamidophenyldicyandiamidine: N'‘-p-Ethylsulphonamidophenylbi- 
guanide Sulphate.—N'-Ethylsulphanilamide was refluxed with dicyandiamide (4.2 g.), 
hydrochloric acid (5 c. c.) and water (30 c.c.) for 2 hours. From the crude hydrochloride 
solution the pure biguanide sulphate was isolated through its complex copper salt, as 
described in No.1; yield 7g. The substance is fairly soluble in water. [Found : 
N, 25.27; SO, 14.35; S (total), 14-53. (Big),H,SO, requires N, 25.22 ; SO,, 14.41 ; 
S (total), 14.41 per cent] [where (Big) = C,.H,.0.N.9]. 

To the crude biguanide hydrochloride solution, prepared as above, concentrated 
hydrochloric acid {5 c. c.) was added and the mixture was.kept aside for a day at the 
ordinary temperature. The colorless solid that separated was purified as in the case of 
No. 1. The hydrochloride of the dicyandiamidine forms colorless needles, m.p. 220- 
24°, highly soluble in water. It does not give any complexes with copper or nickel 
































TRANSFORMATION OF BIGUANIDE INTO DICYANDIAMIDINE 819 





salts. (Found: N, 21.62; Cl, 10.98; S, 9.89. CioH,;0,;N;S.HCI requires N, 21.77; Cl, 
11.04 ; S, 9-05 per cent). 


10. p-Diethylsulphonamidophenyldicyandiamidine: N'-p-Diethylsulphonamidophenyl- 
biguanide Sulphate.—N':N'-Diethylsulphanilamide was refluxed with dicyandiamide 
(4-2 g.), hydrochloric acid (5 c.c.) and water (30c.c.). From the solution, the pure 
biguanide sulphate was obtained, as described before; m.p. 220-22°, yield 10 g. [Found: 
N, 23.47; SO., 13.08; S (total), 13.50. ‘Big),H,SO, requires N, 23.33 ; SOQy, 13-333 
S (total), 13.33 per cert] [where (Big)=C,,H.,.N,0,S]. 

The hydrochloride of this biguanide was prepared and hydrolysed as in the previous 
cases (No. 9). The dicyandiamidine obtained was found to give no complexes with 
copper or nickel salts. [Found: N, 19.10; Cl, 9.72; S, 8.67; H,O (by loss at r1o°), 
5.02. C,.2H,,O,N;S. HCl, H,O requires N, 19.05; Cl, 9.66; S, 8.73; H.O, 4.90 
per cent. Found for the anhydrous compound: N, 19.85 ; Cl, 9.99. cale. N, 20.02; Cl, 
10.15 per cent]. 


11. p-Dimethylsulphonamidophenyldicyandiamidine : N'-p-Dimethylsulphonamido- 
phenylbiguanide sulphate was prepared and purified as in the previous cases from 
N’':N’-dimethylsulphanilamide (ro g.), dicyandiamide (4.2 g.) and 30% hydrochloric 
acid (5.5 c.c.)} m.p, 216-18°, yieldgg. {Found: N,24.91; SO,, 14.20. (Big),H,SO, 
requires N, 25.22 ; SO,, 14.41 per cent } [where (Big=C,,H,,O,N,S]. 


The hydrochloride of the dicyandiamidine was obtained from the corresponding 
biguanide as described in the case of the diethyl derivative by acid hydrolysis at the ordi- 
nary temperature; m.p. 228°, yield 5 g. It does not give Cu or Ni complexes. [Found : 
N, 20.83; Cl, 10.69; S, 9-52; H,O (by loss at 110°), 5.21. C.oH,s0,;N;S. HCl, H,O 
requires N, 20.62 ; Cl, 10.46; S, 9.42; H,O, 5.30 per cent]. 


12. p-Phenylsulphonamidophenyldicyandiamidine: N'-p-Phenylsulphonamidophenyl- 
biguanide Sulphate.—A mixture of N*phenylsulphaailamide (12.4 g.), dicyandiamide 
(4.2 g.), hydrochloric acid (30%, 5 c.c.) and dioxane (30 c.c.) was refluxed together for 
2 hours. Dioxane was distilled off under reduced pressure and the residue was diluted 
with water and then treated with an excess of ammonium sulphate. An oily product 
separated out. This was allowed to stand for some time and then washed several times 
by decantation and afterwards dried in vacuum. The substance was then dissolved 
in acetone, filtered, and the filtrate was treated with ether when an amorphous 
precipitate was obtained. This was filtered and washed successively with dilute acetone, 
alcohol and ether, m.p. 218-20°. [Found: N, 22.17; SO,, 12.62; S (total), 12.59. 
(Big),H,SU, requires N, 22.04; SO,, 12.60; S (total), 12.60 per cent] [where 
(Big) = CiusHicO2N.S] : 


The biguanide sulphate, thus prepared, was treated with dilute sulphuric acid and 
the miature allowed to stand overnight. Shining colorless needles of the changed 
product were then filtered, washed and dried as usual. It does not give any copper 
or nickel complexes with their salts. [Found: N, 18.203 SO,, 12.54; S (total), 12.51. 
(C,.His03;N;5S)2H,SO, requires N, 18.31 ; SO, 12-56; S (total) 12.56 per cent]. 
2—1801P—11 
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13. Isolation of certain substituted Dicyandiamidines (with CO adjacent to the 
aryl group) from their corresponding Biguanides by Nitrous acid (cf. Curd. Davey and 
Richardson loc cit.).—The compounds obtained by this method are given in Table II. 


TABLE II 
Compound. M.p. Found (%) Calculated (%) Characteristic 
properties 
N. SO, Cl. N. SO, C. 


1. Phenyldicyandiami- 
dine sulphate 232° 24.62 20.85 =_ 24.66 21.14 _ No complex com- 
pound with copper 
or nickel salt. 
2. p-Chlorophenyldicyan- 
diamidine sulphate 265 21.10 18.11 ~_ 21.40 18.35 _ a 


3. N!-Phenyl-N‘-phenyl- 
dicyandiamidine 
hydrochloride 175 19.47 — IT.99 19.27 — 12. 


n 
n 
n 


4(a) N!-Phenyl-N¢ :N4-diethyl- 
dicyandiamidine hy- 
drochloride contain- 
ing 2.5 molecules of 


water of crystallisation 98 17.79 — 11.26 17.75 — 11.25 ss 


(b) Anhydrous compound -~ 20.60 — * 13.0% 20.70 ~~ 13.12 — 


14. N'-p-Sulphonamidophenyl-N*:N*-diethyldicyandiamidine Hydrochloride (with 
CO adjacent to the phenyl group).—This was obtained from N’-phenyl-N*:N*-diethyldi- 
cyandiamidine hydrochloride ‘anlydrous) (5.4 g.) and chlorosulphonie acid (15 c.c.) 
and then treating the product with ammonia as described in No. 8. It was recrystal- 
lised from hot water containing dilute hydrochloric acid, m.p. 200-202°, yield 1.5 g. 
The substance is appreciably soluble in water and also in an excess of alkali. It gives 
no complex copper or nickel salt. (Found: N, 19.79 ; Cl. 9.79; S, 8.90. C,.H,,O,N;S. 
HCI requires N, 20.02 ; Cl, 10.15 ; S, 9.15 per cent). 


15. N'-Phenyl-N*:N*-diethyldicyandiamidino (base) (with CO adjacent to alkyl 
substituents).—An intimate mixture of phenylbiguanide ca:bonate (3.3 g.) and diethy)- 
urea (2.5 g.) was fused at 160° for about an hour. A clear melt was obtained, which 
was cooled and treated with dilute hydrochloric acid. From the solution the complex 
nickel base was ptecipitated as a brownish yellow product with nickel sulphate solution 
and alkali. Nickel was removed as nickel sulphide by passizg H.S through its suspen- 
sion in dilute ammonia. The solution with the precipitated nickel sulphide was acidified 
slightly with dilute hydrochioric acid, warmed and filtered. The filtrate from nickel 


sulphide was evaporated on the water-bath to a small bulk. The solution was then ° 


made alkaline with sodium hydroxide when an oily product separated uut, which solidi- 


fied on prolonged cooling. The solid thus obtained, when recrystallised from hot water, 
gave shining crystals, m.p. 188°, yield 0.5. The substance is sparingly soluble in 
cold water but readily in hot water. The salis, viz. sulphate and hydrochloride are, how- 
ever, highly soluble in water. It gives as usual copper and nickel complexes. (Found: 
N, 23.67- CysH,sON, requires N, 23.91 per cent). 

















TRANSFORMATION OF BIGUANIDE INTO DICYANDIAMIDINE 821 


Biguanides which showed no Rapid Hydrolysis into Amidines 


1. N'-p-Sulphonamidophenyl N*-phenylbiguanide hydrochloride was prepared from 
sulphanilamide (8.6 g.j, phenyldicyandiamide (8 g.), 30% hydrochloric acid (5.5 ¢.c.) in 
water (30 c.c.) and alcohol (10 ¢.c.) (ef. Bami, Iyer and Guha, J. Ind. Inst. Sci., 1947, 
to, 1,). The crude product was recrystallised thrice from hot water after treatment 
with activated charcoal, m.p. 228-29°, yield 7 g. [Found : N, 22.66; Cl, 9.61; S, 8.50. 
(Big). HCI requires N, 22.79; Cl, 9.63; S, 8.68 per cent] [where (Big)=C,,H,,0.N,S]. 


2. N'-p-Sulphanamidophenyl-N*:N°-diethylbiguanide: Diethyldicyandiamide.— 
This was prepared by refluxing equimolecular proportion of diethylamine hydrochloride 
and sodium dicyanimide in butanol. It forms colorless needles when crystallised from 
toluene, m.p. 150°, yield 6.8 g. (Curd and Rose, loc. cit.). 


The Biguanide Sulphate.—Sulphanilamide {8.6 g.), diethyldicyandiamide (7 g.), hy- 
drochloric acid (5.5 c.c, 30%) and water {35 c.c.) were refluxed together for 2-3 hours. 
The biguanide, thus obtained, was purified through its complex copper salt as usual, 
and recrystallised from hot water. The heavy colorless crystals of the substance 
were washed first with cold water and then with a!cohol, m.p. 210-12°, yield 6g. The 
substance is fairly soluble in water, and also in an excess of alkali. [Found : N, 23.37; 
SO,, 13-17 ; S (total), 13.22. (Big),H,SO, requires N, 23.28; SO,, 13.29; S ‘total),13.29 
per cent] [where (Big) =C,,.H.,0.N,S]. 


The Free base was obtained from a saturated solution of the sulphate ‘7.2 g.) 
and dilute caustic soda solution. The mixture was filtered and allowed to stand, 
when colorless crystals of the base separated out, m.p. 2)4-16°, yield 5 g. [Found: N, 
23.99; S, 9.48; H,O (by loss at rro°), 9.62. C,,H,.O,N.S, 2H,O requires N, 24.14; 
S, 9.19; H,O, 10.34 per cent]. , 

The Hydrochloride.—-To a suspension of the base (6.2 g.) in water (20 c.c.}, bydro- 
chloric acid {1 c.c. in § c.c. water) was added slowly, when the base went into solution. 
After sometimes the hydrochloride began to separate out as colorless shining crystals, 
m.p. 230°, yield 4 g. [Found: N, 24.29; S, 8.90; Cl, 9.80. (Big) HCl requires N, 
24.10; S, 9.18; Cl, 10.18 per cent]. 


3. N'-p-Sulphonamidophenyl-N*-isopropylbiguanide Hydrochloride: isoPropyldi- 
cyandiamtde.—This was prepared in the same way as the diethyldicyandiamide (No. 2.); 
m.p. 110°. Sulphanilamide (8.6 g.), isopropyldicyandiamide (8.5 g.), hydrochloric 
acid (5 c.c., 30%) and water (30 c.c.) were refluxed for 2-3 hours. The hydrochloride 
of the biguanide soon separated out on cooling the mixture. This was recrystallised 
from water containing a few drops of dilute hydrochloric acid. The compound formed 
colorless glistening needles, m.p. 236°, yield 9 g. [Found: N, 25.00; Cl, 10.57; S, 
9.52. (Big) HCl requires N, 25.11; Cl, 10.61; S, 9.56 per cent] [where (Big)= 
C,,H,.0.N.S]. 

The Free base was obtained from the hydrochloride and diiute caustic soda solution 
as described in the previouscase. (Found: N, 27.84; S, 10.31. C,,H,sO.N,S requires 
N, 28.19; S, 10.74 per cent). 
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4. N!-p-Sulphonamidophenyl-N-ethylbiguanide Sulphate: Ethyldicyandiamide. 
—This was prepared from ethylamine hydrochloride and sodium dicyanimide as 
described in the previous cases in colorless crystals, m.p. 107°. Sulphanilamide (8.6 g), 
ethyldicyandiamide (7.7 g.), hydrobhloric acid (5.5 c.c., 30%) and water (30 c.c.) were 
refluxed together for 2-3 hours. The product was isolated and purified as No. 2. ; 
m.p. 170°, yield 6g. [Found: N, 25.27; SO,, 14.35; S (total) 14.33. (Big),H.SO, 
requires N, 25.22 ; SO,, 14.41; S (total), 14.41 per cent] [where (Big)=C,.H,.O.N,S]. 

The Free base was obtained from the sulphate (6.6 g.) by adding dilute caustic soda 
solution at 60°. The product separated as long shining crystals, m.p. 198-200°, yield 
4g. The base is difficultly soluble in water, but readily soluble in dilute acids or 
alkalies forming their respective salts. (Found: N, 29.62; S, 11.30. C,sH,«O.N.S 
requires N, 29.58; S, 11.26 per cent). 

5. N'-p-Phenylsulphonamidophenyi-N°- PRE I Hydrochloride.—N’'-Phe- 
nylsulphanilamide (6.2 g.), phenyldicyandiamide (4 g.), hydrochloric acid (2.7 c.c., 
30%) and dioxane {25 c.c.) were refluxed together for 2 hours. The mixture was 
kept overnight, when the biguanide hydrochloride separated out. This was purified 
by recrystallisation from hot water after treatment with activated charcoal, m.p. 214-15°, 
yield 6 g. [Found: N, 18.76; Cl, 7.96; S, 7.39. (Big). HCl requires N, 18.89; Cl, 7.99; 
S, 7.19 per cent] [where (Big)=C.,H,,0.N.S]. 

6. N'-p-Diethylsulphonamidophenyl-N*-phenylbiguanide Sulphate.—N':N'-Diethy]- 
sulphanilamide (5.7 g-), phenyldicyandiamide (4 g.), hydrochloric acid (2.5 c.c., 
30%) and water {20 c.c) were heated together for 2 hours. An oily product separated 
out on cooling, which was purified as described under N'-p-pheny!sulphonamidophenyl- 
biguanide sulphate (No. 12}; m.p. 194-96°, yield 2.5 g- [Found: N, 18.74; SO,, 11.10; 
S ‘total), 11.31. (Big), H.SO, requires N, 19.19; SO,, 10.98; S (total), 10.98 per cent] 
[where (Big) =C,,H:,0,N,$}. 

7. N'-p-Ethylsulphonamidophenyl-N*-phenylbiguanide Hydrochloride.—N’'-Ethy}- 
sulphanilamide ‘5 g.), phenyldicyandiamide (4 g.), hydrochloric acid (2.7 c.c., 30%) and 
water ‘20 c.c.) were refluxed together for 2 hours. The mixture was kept overnight when 
a colorless solid separated out, which was purified by recrystallisation from hot water after 
treatment with activated charcoal. It formed colorless microscopic crystals, m.p. 178-80°, 
yield 5¢. [Found: N, 20.95; Cl, 9.20. ‘Big). HCl requires N, 21.18; Cl, 8.095 per cent] 
[where (Big) = C,6H2.0.N.S]. 
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THE JOSHI EFFECT IN SOLID-VAPOUR SYSTEMS OF SELENIUM, 
TELLURIUM AND ZINC 







By H. J. ARNIKAR 






The production of Joshi effect (+ 4i) was studied in Se, Te and Zn in contact with their vapours. 
These were excited in ozonisers by A. C. potentials in the range 0.5 to 3 kV (r.m-s.} at 50, 100 and 500 
cycles/sec. frequency. Light from an ordinary 200-watt bulb as well as from Hg and Na lamps was 
used. The system Se-Se vapour showed positive Joshi effect (+4i) at low potentials which inverted 
reversibly to the negative (—4i) at higher potentials. A 500-fold increase in intensity of light showed 
that —4i rises rapidly and finally saturates; +4i increases to a maximum and diminishes thereafter. 
This last suggests the co-occurrence of +4i and —4i with the former predominating. Spectral sensiti- 
vity of Si was studied using a set of Wratten filters. Results corroborate Joshi’s theory of a quantaic 
origin of 4i independent of selective light absorption by the gas phase. ~—4Ai—wave-length curves on 
extrapolation converge around 8200 4, which therefore appears to be the threshold for the occurrence of 
negative Joshi effect. Corresponding threshold for +4i does not exist, as maxima are indicated at either 
end of the visible spectrum Increasing the temperature in the range 30°-130° showed that (i) iDark 
diminishes precipitously around 70° and rises again above 100°; (ii) -°%4i increases numerically till 
about 70° and then decreases rapidly and changes sign below 99° ; (iii) +4i shows only a slight diminu- 
tion in magnitude with temperature rise ; (iv) th, potential range for +4/, however, increases. (i) and 
(ii) suggest the presence of secondary photoelectric currents, inferred also in other ways, e.g., by the 
non-linear variation of 4i with light intensity. (ii) and (iii) signify an interdependence of the critical 
values cf potential, temperature and intensity for the reversible transition: +4i =« —4Ai 

Occurrence of large (about 75%) negative Joshi effect in Se-coated tubes, reported here, is shown 
to be distinct from ‘‘photcnegative effects’’ observed by Ries and others, as also from the ‘new photo- 
electric phenomenon’ described by Majorana. +4i results are also compared with the known photocon- 
ducting and photo-voltaic effects of Se. Specially characteristic are the intensity and temperature 
dependences. Some of the effects grouped under ‘photosensitivity of GM counters’ may be regarded as 
consequences of the Joshi effect ; hence, the bearing of this phenomenon on the mechanism of ‘counter’ 
action. Earlier results of the author on the production of several hundred per cent positive Joshi effect 
in a typical GM counter are cited in support of this. 



















The successful production and measurement of the above effect in a variety of gases 
and vapours, both elemental and compound, have confirmed Joshi’s theory of a physical 
origin for it (Proc. Ind. Sci. Cong., 1946, Part III, Phys. Sec., Abst. No. 26; 
1947, Abst. No. 25; Curr. Sci., 1947, 16, 19). Photoelectric emission from the electrode 
boundary layer, accoding to Joshi, is fundamental to the occurrence of this effect. 
It appeared desirable therefore to study its production under condition of enhanced 
electron emission due to coats of surface and bulk photoelectric substances on the walls 
of the discharge tube. Of this class of substances, selenium presents the greatest 
interest. Apart from its photoconductivity, this element possesses a structure that 
shows characteristics of botli metallic and molecular bonds. It would be of interest to 
compare the Joshi effect results producible in this system with those from layers of 
tellurium and zinc with more distinctly metallic bonds. 


In the present work, these elements were used in the form of fine deposit on the 
annular walls of a Siemens’ ozoniser, free from metallic contamination including mercury 
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vapour. Results reported refer to measurements of the Joshi effect (Ai=izight — ipark , 
and %Ai=1004i/ip ) over a wide range of determining conditions in respect of the 
applied potential and A.C. supply frequency, intensity and frequency of the light, and 
the temperature of the system. ‘These “Light “<= Dark’ conductivity measurements, 
made in contiguity with a gas phase of pressure of the order of 3 x 10~* mm. Hg and 
subjected to ionisation by collision, are compared with known surface and bulk photo- 
conductivity data of these elements. ‘I'he Joshi effect producible in these systems is 
shown to be distinct from other known photo-phenomena as evidenced by the type of 
dependence on light intensity and frequency, as well as temperature. 


ExPERIMENTAL 


Pure selenium was placed in a bulb connected to a Siemens’ ozoniser at ,the bottom 
of its annular space. Its contamination by mercury vapour from the adjoining TOpler 
pump was avoided by a series of traps containing silver and gold foil, and another cooled 
by liquid air. ‘The tube at TOpler vacuum was subjected repeatedly to a high voltage 
discharge and evacuation continued to remove occluded gases, after which it was sealed 
off. ‘The bulb was next heated in an electric muffle to just below the softening point 
of glass for about 2 hours. A fine, brownish grey deposit of condensed selenium was 
obtained on the ozoniser walls (Fig. 1a). The tellurium and zinc tubes were prepared 


similarly. 


Fic. 1(a) Fic. 1b) 











































— 
LiauiD AIR os 
~ 
x a? 
“i a 
5 — 
= 
4 
= | 
Se — 
VERTICAL FURNACE 
(~s ) , 
‘ 7 
V4 
“\ 





TATION 
or Jesur Errece "USE 38 MEASUREMENT 


PREPARATION OF THE SELENIUM-SE\ VAPOUR TUBE FREE Hg VAPOUR 


The ozoniser was excited by an H. TT. transtormer of low ratio (1:15) whose primary 
was fed by A. C. of fa) 50, (b) 100 and (c) 500 c.p.s. frequency. The discharge current 
was measured by a Fye reflection galvanometer actuated by a diode inductively coupled 
to the ozoniser L.T. (Fig. 1b).. The detector response being restricted to supply 
and audio frequencies, measurements reported refer to only these components of the 
discharge current. Three different sources of light were used for irradiating the system : 
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a 200-watt incandescent (glass) bulb run at a constant potential, a quartz-mercury vapour 
lamp, and a G.E. C. sodium lamp (Osira). A simple mechanical shutter arrangement 
was used to cut off the light. Heat radiation was filtered out by alum solution placed 
in a cell between the ozoniser and the light source. 

Light intensity was varied by altering the distance between the source and the 
ozoniser. The relative intensities were measured both by a selenium photocell 
(Megatron) and a thermopile ‘Kipp’s 57). The use of Wratten filters Nos. 70a to 764 
provided a series of narrow bands with sharp transmission peaks in the study of the 
influence of irradiation frequency on the Joshi effect. These light filters were supple- 
mented by two line sources, viz., the D lines from the sodium lamp and the green line 
(4358 A) from the mercury vapour lamp used with Wratten filter No. 50. 

The effect of temperature was studied by enclosing the ozoniser in an asbestos lined 
wooden box provided with Eurexa coils and with a glass window in the front for irradia- 
tion. With concentrated sulphuric acid as the electrolyte in the inner tube of the 
ozoniser, the temperature of the system could be raised to any value up to 130° and 
maintained to within 2° by controlling the heating current in the coils. A corresponding 
increase in the pressure of residual gas (to about 4 x 10~* mm. Hg) no doubt occurs. 
Earlier work had, however, shown that Aji remained sensibly unaffected by a pressure 
change of this magnitude (Deshmukh, J. Amer. Chem. Soc., 1948, 10, 392); Ramiah, 
J. Phys. Chem., 1952, 56, 218). 


TABLE | 
Potentiai variation of the Joshi effect in selenium-selenium vapour. 


(i) Source of irradiation: 200-watt incandescent (glass) bulb. 


A.C. supply 50 cycles/sec. 190 cycles/sec. 500 cycles/sec. 
frequency. 
kV. lo. th. di. = %Ai in, = it. Ai. %Ai. ip. it Ai At. 
{r.m s.) 
0-55 57 82 25> HAM 
0.57 60 75 +15 +25 
0.60 120 45 76 —63 805 gio +105 +13 
0.68 ass 120-1350 SZ 920s +230 +25 
0.80 36 = 50 +14 +40 330 18 —1§0 46 1530 75 —765 — 50 
0.84 43 70 +27 +63 oe es = * 1770 880 — 890 — 50 
o 8 48 93 +45 +94 375 210 —1655 —44 2020 1050 —970 — 48 
0.93 84 101 +17 +20 mn ose _ ont 2590 1550 —1040 — 40 
0 94 102 64 —38 — 38 420 255 — 165 — 40 
1.09 133 66 —67 —50 450 270 —189 —40 3230 2260 ~970 —30 
1.06 160 64 —96 —60 480 320 — 180 — 38 3850 3080 —770 --20 
1.12 188 66 —122 —65 510 315 —195 — 38 4470 3660 —810 — 20 
1.15 210 63 —147 —70 ote , ae _— 4850 4170 — 680 —15 


5500 4950 





A.C. supply 
frequency. 


kV. 
(r.m,.s ) 
0.80 
0 85 
0.90 
0.95 


I 00 


1.13 


A.C. supply 
frequency. 


kV. 
(r.m.s.) 


0.93 
0.95 
1.00 


1.05 


1.63 


Potential variation of the Joshi effect in tellurium-tellurium vapour. 


17 


18 


24 


24 


36 


44 


26 
30 
38 


40 


(i) Source of irradiation: 200-watt incandescent (glass) bulb. 


H. 


50 cycles/sec. 


Potential variation of the Joshi effect in zinc-zinc vapour. 


Mi. 
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"TABLE II 


% Ai. 


TasLe II] 


188 





500 cycles/sec. 


it. Ai % Li. ) 
183 =—§ 3 
212 —5 —2 
264 —14 5 
320 —20 —4 
ose 
960 —50 = 
3160 —60 —2 
6650 —70 —3 





(i) Source of irradiation: 200-watt incandescent (glass) blub. 


50 cycles/sec, 


dt. 


27 


38 


Aig 


% Ai. 


340 


39° 


1200 


1720 


500 cycles/sec. 


iu. Ai. % Ai. 
330 —10 3 
380 —10 a 
1010 — 190 —16 
1550 —170 —10 














TasLe IV 


JOSHI EFFECT IN SOLID-VAPOUR SYSTEMS OF SELENIUM, ETC. 


Potential variation of the Joshi effect in solid-vapour systems of selenium, 


(ii) Source of irradiation: quartz-mercury vapour lamp. 


AC supply 
frequency. 
kV. 
(r.m.s.) 


ip 

it 

0.80 Ai 
% Ai 


io 

it 

0.83 Ai 
<< 

0 Ai 


io 

in 

0.88 Ai 
% Ai 


1.15 Ai 


1.20 At 


1.25 ai 
% Ai 


tp 

it 

1 40 Ai 
% Ai 


ip 

it 

1.50 Ai 
% Ai 


3-—1801P—11. 


Selenium. 
50 c./s. 


36 


+42 
+120 


+22 
+50 


50 
55 


+10 


75 
66 


“9 
— 338 


210 
125 
—85 
—40 


240 


—8o 
=$3 


300 

225 
=Ts 
—25 


400 

340 
—60 
-15 


tellurium and zinc. 


Tellurium. 


50 c./s 


—3 
3S 


12 


—6 
—50 


18 


—12 
—67 


22 

7 
—15 
—68 


30 
10 
—20 


500 c./s. 


260 
235 


—? 


= a> 


920 


— 230 


1040 
800 
—240 
™23 


1200 
1040 
— 160 


1440 
1300 
—140 
—10 


2380 

2210 
—170 
a 


50 ¢./s. 


“2 


—56 


27 


—19 
—70 


40 

14 
—26 
—65 


62 
29 
=35 
53 


70 
32 
—34 


40 
— 40 
—50 


81 
48 
33 
—40 


82 
52 


—_ 


Zinc. 
sco c./s, 


350 
315 
ae 
—10 


3700 


— 400 
II 


4650 
4250 
— 400 


8300 
7900 
— 400 
—_ 
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TABLE V 
Variation with irradiation intensity of Joshi effect in selentum-selenium vapour. 


(i) Source of irradiation : 200-watt incandescent (glass) bulb. 
A.C. supply frequency : 50 cycles/sec. 


~ 
< 


0.86 0.88 0.90 0.92 0.98 1.12 


~ 
~) 


48 50 60 95 125 188 


>. 

= 

n = 
eioZ 
D = 
St 
ma ® 
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TasLe VI 
Variation with irradiation intensity of the Joshi effect in selenium-selenium vapour. 


(ii) Source of irradiation: quartz-mercury vapour lamp. 
A. C. supply frequency : 50 cycles/sec. 


0.80 0.83 0.88 0.94 
36 44 50 100 


72 


+36 


88 
+48 


96 
+60 
+ 167 
92 
+56 
+155 


82 58 
+46 +8 
+128 
78 35 83 
+42 +5 
+117 5 +10 17 


* In same relative units as for light from 200-watt bulb of Table V. 


DISCUSSION 


The production of large Joshi effect, both positive and negative, in an evacuated all- 
glass ozoniser, coated with a typically photoconducting substance as selenium is consis- 
tent with Joshi’s theory of its photoelectric origin. This mode of excitation of a micro- 
deposit of selenium without metal electrodes is the first of the kind to be reported. The 
extremely low pressure of the gas phase in these condensed systems discriminates them 
from gas filled tubes which have been studied in a greater detail for the production of the 
Joshi effect. This last may therefore be expected to show characteristic differences 
in the present systems and those investigated by earlier workers in this field. Data in 
Tables I—VIII and Figs. 2—7 point to the following conclusions. 


(1). Influence of the Applied Potential.—The Joshi effect was studied in selenium- 
selenium vapour over the potential ranges of 0.8—3.0 kV, 0.57—3.0 kV and 0.6—1.2 kV 
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for A.C. supply frequencies of 50, 100 and 500 cycles/sec., respectively. ‘The curves 
A, A’, B and C (Fig. 2) show that (a) at voltages just below the threshold minimum 
(Vm ), the positive Joshi effect (+4#) corresponding to a photoincrease of conductivity 
occurs. "The magnitude of this increases toa maximum, diminishes rapidly thereafter 
till it changes sign at a slightly higher potential (Ve). The curve A for 50 cycles/sec. 
A.C. supply frequeney, for instance, shows a maximum of +94% at 0.87 kV which is 
followed immediately by a steep fall and sign inversion at 0.94 kV, as described above. 
The positive Joshi effect has the properties of a secondary photoelectic current (cf. 


TasBLe VII 
Variation with irradiation frequency of the Joshi effect in selenium-selenium vapour. 
A. C. supply frequency: 50 cycles/sec. 


kV: 0.86 0.88 0.90 0.94 0.98 
ip: 48 50 60 102 125 
Filter No. & 
peak trans- 
mission. 
70a in 
70008 Ai 
% Ai 


72Y it 
61004 Ai 
% Ai 


Na lines ix. 


5890-96K Ai 
% Ai 


738 it 
s70A = Ai 
% Li 


74¢ it 
5300A Ai 
% Di 


75” it 
49008 Ai 
% Ai 


760 it 
4400R Ai 
% Ai 


Hgline i 


43588 = Ai 
% Ai 
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Temperature variation of the Joshi effect in selenium-selenium vapour. 


escent (glass) bulb. 


Source of irradiation: 200-watt incand 
A. C. supply frequency: 50 cycles/sec. 


0.94 1.04 1.05 1.22 
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Hughes and Du Bridge, ‘Photoelectric Phenomena’’, McGraw-Hill Book Co., 1932, p.- 
322) superimposed on the primary as evidenced by the non-linear variation of Oi with 
light intensity and its dependence on temperature ‘vide infra). 
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(b) The negative Joshi effect, setting in at Vc, increases in magnitude to a maxi- 
mum, ‘which is -75% at 1.2 kV, 50 cycles/sec., curve A, Fig.2), and then falls slowly for 
a further rise of potential. 

(c) Inthe solid-vapour systems of tellurium and zinc, only the negative Joshi effect 
was observed (curves A, A’, C and C’ of Figs. 3 and 4). The potential range allowing 
+A4i is presumably too narrow for isolation in these systems. 

(2). Influence A.C. Supply Frequency.—Wih the increase of the A. C. supply fre- 
quency in the range 50-500 cycles/sec., the current at a given potential increases greatly, 
but both + and —%4i diminish in magnitude. This is apparent from the general 
disposition of the curves A,B and C of Fig. 2 for 50, 10v, and 500 cycles/sec. frequencies 
in selenium, as well as curves A and C of Figs. 3 and 4 for 50 and 500 cycles/sec. fre- 
quencies in tellurium and zinc respectively. The curves lie one below the other fre- 
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FIG. 3 
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quency-wise. ‘The —%Ai ordinates at a given potential are numerically in the order : 
A>B>C, in all the three systems over the potential range examined. No such com- 
parison appears possible for the positive Joshi effect, the potential ranges for +Aji being 
not the same for the different frequencies in selenium ; the systems tellurium and zinc do 
not show the positive effect. As a result of this last, the potentials for the reversible 
inversion: +Ai *> —Ai, too are not in order of the supply frequencies in the case 
of selenium. This is apparent from the intersection positions of the curves A, B and 
C with the zero of %4i (Fig. 2). 

The findings (1) and ‘2) discussed avove in respect of the influence of the applied 
potential and supply frequency are due to irradiation by ordinary light. Results with 
mercury vapour light were essentially similar, as may be seen from the potential — %Ai 
curves A’ (Fig. 2), and A’ and C (Figs. 3 & 4) for selenium, tellurium and zinc 
respectively under mercury vapour light irradiation. These are of the same trend as the 
corresponding curves for ordinary light. 
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From the general similarity in the Joshi effect observed in the solid-vapour systems 
of selenium, tellurium and zinc, the difference in the nature of bonds in these elements 
does not appear to be significant tothe phenomenon. Similarly, in the large number 
of gaseous systems reported, the chemical nature of the homogeneous phase has not 
been found to be important in determining the magnitude of the Joshi effect producible 
in them. 

(3). Influence of the Intensity of Irradiation.—Light from a 200-watt bulb and 
that from a quartz-mercury vapour lamp were varied in intensity, 500- and 20-fold 
respectively by a distance alteration, and the corresponding changes in %4ji recorded. 
Intensity —%4i curves-A, B and C (Fig. 5) show that: (a) the positive Joshi effect 
rises with intensity up to a maximum and then diminishes. Such a decrease in +A4i 
at high intensities, observed also in hydrogen by the autbor (Proc. Ind. Sci. Cong., 
t950, Part III, Phys. Sec., Abst. No. 44) does not appear to have been reported 
earlier. The lowering of + Ai at high intensities can presumably arise from a superim- 
position of a mumerically smaller -Ai. The posisbility of a co-occurrence of +Aji 
and —Aji under certain condition’ was suggested by Joshi (Proc. Ind. Sci. Cong., 
1947, Part III, Phys. Sec., Abst. No. 25) : this has been now established in independent 
ways. The production under light of additional pulses in the current oscillogram 
simultaneously with the reduction of the amplitudes of other H. F.’s present in ‘dark’ 
(Jatar, J. Sci. & Ind. Res., 1950, 9B, 283), as well as the sharp deviation observable 
above a limiting potential, Vi, (where Vn< Vi < V.) in the limear variation (as a 
Schottky effect analogue), of log (+Ai) with YV (Arnikar, Indian J. Phys., 1951, 25, 
353), point to such a co-occurrence. 

FIG. 5 


| iA 





oo; 











———+——_—___+}_—_ ] 44 





D 





—}—__}—____] 
| 
| 
6 6S SS 





+ 
ita 
S 








INTENSITY 
280 









































RELATIVE JosHi EFFECT (% ai ) 



































Lor 


VARIATION OF THEJosHI EFFECT IN Se—Se VAPOUR WITH THE INTENSITY OF IRRADIATION 








JOSHI EFFECT IN SOLID-VAPOUR SSYTEMS OF SELENIUM, &TC. 835 *° 


(b) The curves D, E and F (Fig. 5) for negative Joshi effect also show an increase 
in magnitude with intensity. The rise is slow at first; later it becomes more rapid 
till a constant maximum is reached, characteristic of the potential applied. The satura- 
tion of —%4i, it is intersting to note, occurs for all potentials at the same intensity, 
which is around 310 arbitrary units (Fig. 5). This is also the region where the curves 
A, Band C for + Ai begin to dip. 

While the primary photoelectric current for selenium is known to vary linearly 
with light intensity (J), its photoconductivity (due to primary and secondary currents) 
is stated to vary as I", where 0.25 <n <1 (cf. Hughes and Du Bridge, loc. cit., p. 
333). The Becquerrel effect or the photovoltaic E. M. F. of a Separk||Senignt cell also 
varies linearly with I. The maximum for +i, and a saturation for —Ai, described 
above, differentiate the Joshi effect from simple photoelectric and photovoltaic effects. 

(4). Influence of Irradiation Freguency.—The spectral sensitivity of the Joshi effect 
in selenium—selenium vapour was studied using a series of E. K. Wratten light filters 
with sharp transmission peaks, as well as two line sources, viz., the sodium D lines and 
the mercury line, 4358 &. The %Ai— wave-length curves of Fig. 6 show : 

fa) The magnitude of the negative Joshi effect increases linearly with the frequency 
of irradiation at ali potentials tried (curves E, F, G & H of Fig. 6). These curves when 
extrapolated to zero %4i meet the wave-length axis around 82008. This value would 
thus appear to be the threshold for the occurrence of the negative Joshi effect in sele- 


nium. ‘The existence of a threshold in a similar region for chlorine was reported 
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independently by Deo (Proc. Ind. Acad. Sci., 1949, 29A, 28), and by Tawde and Gopal- 
krishnan (ibid., 1949, 29A, 171). This establishes the non-dependence of the pheno- 
menon on selective light absorption as inferred by Joshi {Presidential Address. Chemistry 
Section, Proc. Ind. Sci. Cong., 1943), and supports its quantum nature as postulated 
by him (Nature, 1943, 151, 561). 

(b) In the case of the positive Joshi effect, there appears to be no such relation 
between %4i and frequency. Maxima are indicated at either end of the visible spec- 
trum with a minimum around 59004 (cf. curves A, B, C & D of Fig. 6). This signifies 
the absence of the corresponding threshold for + Ai, being producible by all frequencies. 

The photoconductivity of selenium likewise is unrelated to optical absorption. 
The work of Brown and Sieg (Phys. Rev., 1914, 4, 87, 507 ; 1915, 5, 167, 236, 651), and 
especially of Gudden and Pohl (cf. Hughes and Du Bridge, loc.cit., pp. 300, 330-334), 
shows that there is a maximum in pholoconductivity at about 70008, where 
there is, however, no corresponding maximum in absorption. As the latter in- 
creases towards shorter wave-length and attains a high value (coefficient ~o.: mm™'), 
the photoconductivity drops suddenly to zero. ‘This behaviour has been observed in 
diamond and zinc blende as well, aud is perhaps common to all intrinsically photo- 
electric substances. This spectral distribution of photoconductivity of selenium is 
independent of the direction of irradiation ; hence the same holds for‘a selenium photo- 
cell as well. Olpin’s work (Phys. Rev., 1930, 3%, 251) further shows that the shift 
towards the red end of the threshold wave-length for ‘composite’ films of seleaium 
increases to a maximum with film thickness to well beyond the first line of the principal 
series. This is unlike ia alkali metals where the two coincide. The other related 
property, the E.M.F. of a Separk ||Senight photovoltaic cell, however, shows a maximum 
at 49004. 

Thus, while photoconductivity and the Joshi effect are both unrelated to optical 
absorption of the system, tbe second maximum in the positive Joshi effect at the red end 
is in all probability associated with the maximum in photoconductivity in that region. 
It is of interest to note that the maximum in + Aji around 59004 (A, B, C & D of Fig. 
6} coincides roughly with the onset of a measurable E.M.F. for a selenium photovoltaic 


cell. The negative Joshi effect, on the other hand, is 1 purely frequency effect with a 


definite threshold beyond the red. 
(5). Influence of Temperature-—Table VII! contains data for the temperature 


variation of the Joshi effect in selenium-seleni.m vapour in the range 30°-130°. The 
temperature-current curves of Fig. 7 for three potentials are typical of the voltage range 
examined. ‘The main findings are ‘ 

(a) The current in dark (ip) diminishes with the rise in temperature gradually at 
first and precipitously between 70° and 90°; more markedly, higher the applied potential. 
At still higher "temperatures, however, the T-i curves register a slight rise. This is 
in contrast with systems where the gas-phase is the main seat of conductivity. In 
these latter, the current rises with temperature implying a lowering of Vm. ‘This 
decrease in conductivity, following a temperature rise justifies disregarding changes in 
the pressure of the residual gas. , Further, as already stated, earlier work in these labora- 
tories has shown that 4i is sensibly unaffected by changes in pressure of this magnitude 
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(vide Deshmukh, loc. cit. Ramiah, loc. cit.). The reverse effect observed in the 
present system, where gas phase is of little importance, appears to arise from a change 
in the selenium deposit on the electrode walls. Of such changes, (i) a decrease in 
the area covered due to evaporation, (ii) release of sorbed gases and (iii) interaction 
with the wall suggest themselves as more probable. 


Current in this condensed system is mainly due to the electrons furnished by the 
selenium-coated electrode surface. In nearly all cases, semiconductivity is due to 
electron-excess, or deficit impurity centres (Mott and Gurney, ‘‘Electronic Proceeses in 
Ionic Crystals’’, Oxford University Press, 1948, pp. 152-156). A nitrogen atom (from 
residual air) trapped interstitially in the selenium crystal lattice would constitute an 
electron ‘hole’ and impart conductivity. A decrease in the amount of this due to 
desorption at a high temperature would result in a reduced conductivity as observed. 
In addition, selenium is an intrinsic or idiochromatic photoconductor. Hence, it 
should show, as also observed, a negative temperature coefficient for conductivity under 
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light (i,). This follows from the consideration that conductivity, 7, in general, is 


given by 
cr = nev 


where, n is the number of electrons in the conduction band (or ‘holes’ in the full band) 
per unit volume of the conductor, e and v, their charge and mobility respectively. » is 
constant for metallic and also for photoconductors under steady irradiation. v, however, 
diminishes slowly with rise of temperature as given by, 


v=el/ / 3mkT 


where m and | are the electron mass and mean free path and k, the Boltzman constant. 
In the case of non-photoelectric semi-conductors, however, n is wholly dependent on 
temperature governed by the well known relation, 


n= noe FlkT 


Here E stands for the energy needed to raise the_electron to the lowest conduction level. 
The increase in n due to temperature rise swamps the slight fall in v, and hence this 
class of semi-conductors shows a positive temperature coefficient of conductivity. The 
observed temperature variation of ip and i, in selenium meets with satisfactory explana- 
tion. Lastly, on Pohl’s theory (‘Physical Principles of Electricity and Magnetisin’’, 
Blackie & Sons, 1930, pp. 230, 245) the v—i characteristic of systems of this type 
should have a positive slope throughout. Results presented are in complete agreement. 


(b) The negative Joshi effect increases slightly numerically with temperature till 
about 70°, after which it falls rapidly and changes sign below 90° (vide the T—% Aji 
curves of Fig. 7). This last enables the observation of the positive Joshi effect {+ Ai) 
over a larger potential range at higher temperatures, though of a diminished magnitude. 
These findings fit well with Joshi’s theory that Ai originates from an ‘activated’ layer’, 
postulated to be formed by a process of adsorption on the electrode surface during dis- 
charge. The gas under discharge consists of electrons, positive and negative ions, 
excited atoms, ions and molecules, and metastables. The deposition of these charged 
and excited particles, derived from the discharge, on the dielectric electrode surface 
constitutes an ‘activated layer’ which, according to Joshi, is the seat of Ai. 

(c) The T—%4i curves of Fig. 7 further show that the inversion+Ai #> —Ai 
can be effected ceteris paribus, by a temperature change implied in (3) (@) (curves A, 
B & C of Fig. 5). It is of interest to note that the temperature of inversion ‘T.) nearly 
coincides with that at which ip falls precipitously (Fig. 7). The critical values of Vc, 
T. and I, are thus interdependent, the former two rising together. In photoconductivity 
and also in photovoltaic effect an inversion of the sign with light intensity is unknown. 

While earlier work in general dealt with measurements of photoconductivity in 
selenium crystals, the present study is made with a fine film of selenium in contiguity 
with a gas phase of very low pressure (3 x ro~* mm. Hg) and subjected to ionisation by 
collision. As stated earlier, the +i observed includes both primary and secondary 
photoelectric currents. ‘The occurrence of +Aji in the system is to be expected from 
the known photoconductivity of selenium; its sharp inversion to a large —Ai by a 
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change of temperature or/and potential is unanticipatable on current theories of discharge 
and photoelectric pheuomena. It may be recalled that like the negative effect (-4i), 
the positive Joshi effect (+i) may be of photoelectric origin. The facts: (i) of the 
reduction of + Ai with potenlial, (ii) its conversion by variation of potential and other 
operative conditions into —Ai, (iii) the production of +Ai at much higher vol‘ages 
than favourable for — Ai, and especiaily ‘iv) the co-occurrence of +Ai and —Ai under 
certain conditions, suggest that it is advantageous not to identify + Ai with photoelectric 
effect, though presumably of a like origin. 


A decrease in the conductivity under light has been reported in seleniuin by Ries 
and by Brown, in stibuite by Elliot, and in molybdenite and acanthite by Coblentz 
(vide, Hughes and Du Bridge, loc. cii., pp. 327-328). The negative Joshi effect now 
reported in selenium. tellurium and zinc is, however, easily distiaguishable from these 
‘photonegative effects’. ‘The latter are essentially a selective light absorption pheno- 
menon observable in the temperature range -50° to -r0o0°. A measurable time lag after 
irradiation and higher frequency thresholds further discriminate them from the negative 
Joshi effect. This last, as is well known now, occurs with no detectable time lag, even, 
at ordinary temperatures and with light of all frequencies from the red end to X-rays, 
both within and outside the absorption range. 


More recently, Majorana has reported a ‘new photoelectric phenomenon’ (Compt. 
rend., 1933, 195, 226). Peilets of gold, silver, platinum, tin, aluminium and zinc attach- 


ed to glass on irradjation intermittently ‘5-500 times per second) with “‘strong light’’, 
show an increased resistance and this is independent of temperature. The Joshi effect 
differs in that it is producible both under intermittent and continuous irradiation by 
light of no particularly great intensity. A 10-watt bulb, held several feet away is 
sufficient ; further, it is temperature depdendent. 


The production of large positive and negative Joshi effect in full and semiozonisers 
has a bearing on the mechanism of GM counters which, like the ozonisers, are a system 
of coaxial cylinders. The production of several hundred per cent positive Joshi effect 
in a GM counter was reported earlier by the author (J. Phys. Chem., 1952, 56, 457). 
The counter was atypical tungsten wire-in-brass cylinder containing spectroscopicaliy 
pure argon at a pressure of 90 mm. Hg and adinixed with 10% of ethyl alcohol vapour. 
It was excited by D.C. potentials provided by an electronic high tension unit. ‘The 
striking potentials of neon lamps used iu circuits are known to be lowered by external 
light (Yeater, Phys. Rev., 1945, 67, 74; Om Prakash, Curr. Sci., 1949, 18, 400). 
An irreversible increase in the background counts of an overworked GM counter due to 
exposure to light is also known ‘Feuton and Choudhry, Proc. Phys. Soc., 1948, 60, 183). 
These associated effects of light, it was suggested by the author (Curr. Sci., 1950, 19, 
47), are consequences to be expected on Joshi’s theory of the Ai phenomenon. The 
lowering of the striking potential in systems with a metal cathode under ultraviolet 
irradiation observed by Fuchs (Z. Physik, 1936, 103, 709; 1939, 112, 605), Salzewedel 
(Ann. Physik, 1927, 82, 305), Schade (Z. Physik, Bull., 1937) and others, arises from 
positive Joshi effect, now known to be producibie under a wider range of conditions and 
in discharge tubes of different shapes, with metallic or glass electrodes. The production 





840 H. J. ARNIKAR 


of the negative Joshi effect under an even wider range of conditions is more significant 
to the working of counters. Here light acts as a ‘quencher’. The more recent observa- 
tion of the Joshi effect recorded as a suppression of the H. F. current pulses on the 
oscillograph, due to irradiation by X-rays (Arnikar, Proc. Ind. Sci. Cong., 1952, 
Part III, Phys. Sec., Abst. No. 43), and by y- and §-rays (Bhide, Bhiday and Asolkar, 
Nature, 1952, 169, 542), besides due to a transverse magnetic field (Bhide, Bhiday and 
Asolkar, Nature, 1951, 168, 1006) raises the question: Does an ionising agent lead 
always to pulse production ? 

Grateful thanks are due to Professor S. S. Joshi, D.Sc., F.R.1.C., F.N.I., F.A.Se., 
for valuable advice and constant encouragement. 
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ADSORPTION OF VAPOURS BY CHARCOAL 


By Barwant Rar Puri, M.L. LAKHANPAL AND BALVIR VARMA 


Adsorption of water, methyl alcohol, ethyl alcohol, acetone and benzene from vapour phase 
at different relative vapour pressures corresponding to the same capillary sizes was measured. 
From the results obtained evidence is presented in support of the view that such adsorption is chiefly 
due to capillary condensation. 


In recent years the multimolecular adsorption theory put forward by Brunauer, 
Emmett and Teller (J. Amer. Chem. Soc., 1938, 60, 309) to explain deviations from the 
classical Langmuir monomolecular theory at pressures approaching saturation vapour 
pressure of the liquid has become one of the most important and useful tools in the 
field of gas adsorption. Anderson and Hall (ibid., 1946, 68, 1517) and Cook (ibid., 1948, 
70, 2925) have suggested further modifications of this theory. Smith and Pierce (J. Phys. 
Coll. Chem., 1948, §2, 1115) have discussed certain limitations of this equation while 
studying adsorption isotherms of ethyl chloride and ammonia on graphite. Pierce, 
Wiley and Smith (ibid., 1949, 58, 669) on the other hand presented evidence in support 
of the view that adsorption by charcoal is due chiefly to capillary condensation rather 
than to formation of a surface layer as in the case of non-porous adsorbents, Hill (ibid., 
1950, 54%, 1186) has also discussed the phenomenon of capillary condensation of a 
surpersaturated gas. Puri (‘‘Soils: Their Physics and Chemistry’’, 1949, Reinhold Pub. 
Corp., New York) ‘has extended the capillary condensation hypothesis in explaining 
the mechanism of moisture absorption by soils. 

According to this hypothesis vapours are condensed as bulk liquid in the pores as 
a result of the lowering of vapour pressure brought about by surface tension effects. 
‘This statement is expressed mathematically in the form of the Kelvin equation (Thomson, 
Phil. Mag., 1871, 42, 448) 

Ts ap 


loge’ rRT’ 


where y is the surface tension and V, the molecular volume of the adsorbed vapour in the 
liquid state and 7 is the capillary radius. Since this relationship is quite general, it is 
capable of being verified by studying adsorption of vapours of a number of liquids of 
which the required physical constants are known. For instance, from the knowledge 
of surface tension and molecular vo'ume of liquids, it is possible to calculate the relative 
lowering of vapour pressure caused by their condensation in capillaries of different radii. 
These values, calculated at 20°, in the case of water, methy] alcohol, ethyl alcohol, 
acetone and benzene corresponding to different capillary sizes, assuming these liquids 
to cause uniform wetting, are given in Table I. ‘The significance of these figures is that 
since at the corresponding relative vapour pressures the same capillary sizes are involved, 
the volumes of the various liquids adsorbed by a particular porous body at these vapour 
pressures should be the same, itrespective of their nature, as long as they wet the adsor- 
bent uniformly. 
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This enables us to test the general relationship embodied in the Kelvin equation 
which, if found correct, should afford a strong evidence in favour of the view that adsorp- 
tion of vapours by porous bodies is largely governed by surface tension effects as required 
by the capillary condensation hypothesis. 


ExPERIMENTAL 


Adsorption of water, methyl alcohol, ethyl alcohol, acetone and benzene vapours 
by five different varieties of charcoal, before as well as after activating them by phos- 
phoric acid treatment, was studied. The relative wetting powers of these liquids 
for the various samples of charcoal were also determined. All the organic liquids 
used as adsorbates were C.P. materials and purified by distillation in a laboratory 
rectifying column. These were mixed w;th suitable non-volatile components in appro- 
priate proportions, as given in the International Critical Tables, to get mixtures of 


different vapour pressures. 


Adsorption was measured by taking 0.5 g. portions of the various adsorbents in 
small watch glasses and keeping them in desiccators containing mixtures of different 
liquids corresponding to different relative vapour pressures. The desiccators were 
allowed to stand in an incubator, the temperature of which was maintained at 20°, 
whithin + 0.5°. The room temperature prevailing at the time of these experiments 
was also about the same and the maintenat.ce of this temperature therefore offered no 
difficulty. 

The increase in weight of the samples was determined by withdrawing the watch 
glasses first on alternate days and then daily. At the time of weighing the watch glass 
under examination was kept covered by another watch glass of known weight. Each 
weighing took about a minute or so, since the previous weight was known, and further 
as the room temperature was about the same as that of the samples, no loss in weight 
due to evaporation was found to take place in this short interval. ach sample, after 
weighing, was replaced in the desiccator from which it had been withdrawn. The adsor- 
bents were considered to have attained equilibrium with the surrounding atmosphere 
when their weights became constant within 1 mg. This stage was realised in 
about a week. The amount of vapour adsorbed per 100 g. was then computed and 
plotted against the corresponding vapour. pressure in each case. This procedure of 
determining adsorption was often tested in preliminary experiments and was found to 
give fairly reproducible results. The watch glasses themselves, when kept alone in 
the various desiccators under similar conditions, did not pick up any of these vapours 


to any noticeable extent. 


The adsorption values for different vapours at various relative vapour pressures 
corresponding to the same capillary sizes (Table 1) were interpolated from the respective 
graphs and converted into volume from the knowledge of the density of the liquid in each 
case. The magnitude of error involved in these calcu'ations, on account of density of 
the liquid in minute capillaries being different from that at atmospheric pressure, 
cannot be large considering that the compressibilities of the liquids are rather small. 














Capillary diameter. 


9.30X 1078 cm. 
178X107? 
3.09X 1077 
6.03 X 107? 


759X107! 
2.04X 1078 
5.01 X 1075 


from. vapour 


Acacia Water 

wood MeOH 
EtOH 
Acetone 
Benzene* 


Pine Water 

wood MeOH 
RtOH 
Acetone 
Benzene* 


Cotton Water 
stalk MeOH 
EtOH 
Acetone 
Benzene* 


Coconut Water 
shell MeOH 
EtOH 
Acetone 
Renzené* 


Sugar Water 
MeOH 
EtOH 
Acetone 
Benzene* 


5—1801P—11. 








Charcoal Adsorbate 


ADSORPTION 


Water. 


10 % 


30 
50 
70 
75 
go 
99.6 


power. 


0.848 
1.00 
0.997 
1.05 
0.90 
0.780 
1.00 
0.992 
c.988 
0.902 
0.922 
1.00 
1.01 
1.10 
0.90 
0.892 
1.00 


€.997 
1.017 


0.917 
0.809 


1.00 


0.996 
1.089 


9.799 


0.93- 
4.25 
6.02 
5.08 
6.29 


2.1 

4.6 
4.6 

4-4 


3.6 
6.5 

5.8 
6.0 


7.0 
11.2 
10.5 
10.0 


OF VAPOURS BY 


TAsLe | 


20.8 % 
434 
61.9 
78 1 
81.9 
92-9 
99.8 


TABLE Il 


1.78. 


5.0 
8.7 
9-3 
9-9 
6.5 
9.8 
9-9 

11.0 


3-2 
7°5 
8.0 
8.8 


7.2 
10.4 

9-9 
11.2 


10.6 
13.7 
12.8 
17-5 


Relative lowering of vapour pressure. 
Methy!l acohol. 


Ethy] alcohol. 


104% 


30-5 
50.5 
70.4 
75-3 
go.1 
99-6 


3-09. 
5.8 
10.8 
12.0 
11.9 


8.7 
13-4 
12.5 
13.9 


5.0 
10.2 

9-6 
11.0 


9.0 
12.7 
11.9 
13-4 


12.7 
16.2 
16.8 
18.4 


6.03. 


6.8 
12.0 
13.9 
13.9 


9-7 
16.2 
15.0 
16.2 


6.8 
12.2 
12.0 
12.8 


10.2 
13-7 
14.0 

15.1 


13.8 
19.4 
19.4 
20.0 


CHARCOAL 


Acetone. 


7-59- 
7-2 
13-9 
15.0 
150 


10.0 
16.9 
15.9 
16.9 


8.2 
13.1 
12.8 
13.4 


10.5 
14.6 
14.9 
15.4 


14.1 
20.0 
20.6 
20.6 
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Relative lowering of vapour pressure of different liquids in the various capillary sizes. 


Benzene. 


z.3 % 
9.6 
25.8 
49 8 
§7-0 
81.3 
97:8 


Adsorption of different vapours by the various samples of charcoal (unactivated) at 
different relative vapour pressures corresponding to the same capillary sizes. 


Wetting Vol. of vapours adsorbed (c.c./100 g.) as liquids in difi. capillaries 


(10°? cm.). 
20.4. 501.0 
8.2 10.2 
13.1 15.6 
15.6 16.2 
15.5 16.2 
10.0 147 

10.2 11.0 
18.7 19.0 
17.8 18.5 
18.8 19.0 
11.0 12.0 
10.5 10.8 
16.5 17.5 
15-7 17-7 
15.8 16.8 
6.6 9.0 
12.8 15.5 
15-3 19.4 
15.0 18.8 
15.9 18.5 
10.3 14.1 
15.0 17.8 
21.9 24.0 
22.1 24.1 
21.7 23.9 
11.9 14.8 


*In the case of adsorption of benzene vapours it was not possible to extend observations below 80% 
relative vapour pressures as the compusitions of its mixtures with a non-volatile component correspond- 
ing to lower vapour pressures were not available from the International Critical Tables and extrapola- 
tion was not considered safe. 
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The principles of the method used in determining the relative wetting powers of the 
various liquids for the charcoal samples will be clear from the following. 


The height to which a liquid rises in a capillary tube of a solid is given by the well 
known relationship, 
- 
a g.d.p 
where y is the surface tension and p isthe density of the liquid, d is diameter of the 
capillary tube and @ is the angle of contact which the solid surface subtends with the 
liquid. Cos @ obviously is a measure of the wetting power of the liquid for the capillary 
surface in question. If therefore for a particular porous surface the value of h in the case 
of any two liquids of known surface tension and density are h, and h,, then their relative 
wetting powers for the surface will be given by 


. cos8, 


OS Pi 6, = hiysP 


cos 6, = hayaP2 


Tasie III 


Absorption of different vapours by the various samples of charcoal (activated) at 
different relative vapour pressures corresponding to the same capillary sizes. 


Charcoal Adsorbate Wetting Vo'umes of vapours adsorbed (c.c./100 g.) as liquids in 
from. vapour. power. different capillary sizes (10~’ cm.). 

0.93- 1.78. 3.C9. 6.03. 7.59. 20.4. 501.0. 

Acacia Water 0.956 21.0 46.2 56.1 580 58.5 60 2 615 

wood Methyl alcohol 1.00 299 49.8 56.2 58.2 58.3 59.2 63.7 

Ethy!] alcohol 1.01 30.2 49.9 57-2 58.6 59.8 60.2 62.8 

Acetone 1.009 30.0 49-9 56.2 58.7 59-2 59-7 62.5 

Benzene* 0.940 = os — — _ 57-9 60.0 

Pine wood Water 0.972 26.8 45.5 595 64.2 65.0 66.1 66.8 

Methy] alcohol 1.00 32.0 49-9 58.6 61.8 62.8 65.2 66.1 

Ethy] alcohol 1.000 31.6 49.7 59.2 61.6 63.1 63.8 659 

Acetone 0.99° 30.8 59.7 58.7 61.9 63.6 64.2 65.4 

Benzene 0.926 _— _— ~ = _ 62.5 64 6 

Cotton Water 0.991 22.9 53.8 64.5 68.5 69.0 72.0 74.0 

stock Methyl alcoho! 1.00 29.8 55-3 64.8 67.5 69.1 72-4 76.6 

Ethyl alcohol 1.006 30.6 55.0 66.2 67.0 69.5 75-5 76.2 

Acetone 1.002 29-5 56.2 67.2 68.8 69.6 « 757 77.8 

Benzene* 0.986 — —_— — —_ + _= 74.1 78.2 

Coconut Water 0.966 23-2 35.8 40.9 42.0 42.2 43-0 44.2 

shell Methyl alcohol 1.00 30.7 37-4 41.8 42.6 429 43-3 45.0 

Ethyl alcohol 0.997 29.8 37-2 41.9 42.9 43-7 43-9 44.7 

Acetone 0.998 28.7 37-7 42-5 43-7 43.8 44.6 45-3 

Renzene* 0.964 _ _ = _ oa 43 4 44.6 

Sugar Water 0.971 15.0 35-8 45.8 49-5 50.0 52.1 53.8 

Methyl alcohol 1.00 199 39-9 44.0 47-1 48.2 50.1 54.6 

Ethyl] alcohol 1.002 19.8 39 6 43-9 47-7 50.0 52.2 54-5 

Acetone 1.004 20.5 39-5 44.8 48.8 49.6 51-2 53-9 


. Benzene* 0.974 _ _ _ - = 49-6 52.9 
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This equation was made use of jn determining the relative wetting powers of water, 
ethyl alcohol, acetone and benzene for the various charcoals with respect to that of 
methyl alcohol which was taken as unity. The value of h, the capillary pull, was deter- 
mined in each case by [means of a simple apparatus described by Mill (Nature, 1948, 
161, 313). 

The results of all these experiments obtained in the case of unactivated samples 
are given in Table IJ and those for activated samples in Table III. It is seen that in the 
case of unactivated samples the volumes of methyl alcohol, ethyl alcohol and acetone, 
which have nearly the same wetting powers for all the adsorbents, are taken up to about 
the same extent at their corresponding relative vapour pressures. It is interesting to 
note that in the case of capillaries of as small a diameter as 9.3 107~* cm, when the 
relative vapour pressures are as varied as 20.8 % for methyl alcohol, 10.4% for ethyl 
alcohol and 5% for acetone, equal volumes of these liquids are taken up in accordance 
with the Kelvin equation. ‘The same remarks apply to adsorption in the case of other 
capillary sizes. Benzene and water, which have comparatively low wetting powers, 
are, as expected, adsorbed to smaller extents. However, when in the case of activated 
samples the wetting powers of water and benzene also approach those of methyl alcohol, 
ethyl alcohol and acetone (Table LII), the differences in their adsorption values practically 
disappear except for condensation in the case of extremely small capillary spaces 
(9.3* 1078 cm.) in which water, which has still a lower wetting power, is taken 
up to a smaller extent. But in the case of all the rest of capillary sizes considered, 
the volumes of the various liquids adsorbed agree amongst themselves remarkably 
well. 

Patrick and McGavach (J. Amer. Chem. Soc., 1920, 42, 946) in an attempt to verify 
the capillary condensation theory determined the total volumes of different adsorbates 
taken up at their respective saturation vapour pressures on the same gel expecting this 
value to be about the same in accordance with the Kelvin equation. This expectation, 
however, was not realised and the discrepancy was ascribed to some secondary factor and 
even an empirical correction was suggested for the same. But in view of the results 
presented above, it appears that probably the real cause of the discrepancy noticed by 

these workers is the difference in the wetting powers of the various adsorbates tried 
by them, because when this quantity is about tle saime, equal volumes of the various 
adsorbates are taken up not only at saturation vapour pressures but also at all other 
equivalent vapour pressures, as required by the Kelvin equation. 

It may also be mentioned that Pierce, Wiley and Smith (loc. cit.) while recognising 
capillary condensation to be operative in the adsorption of vapours by charcoal, were of 
the opinion that in the case of capillaries, a few molecular diameters in width, the Kelvin 
equation was not applicable. Our results, however, indicate that the equation may be 
considered to hold good even when capillary diameter is as small as 9.3 X 10°® em. (which 
is only 3 to 4 times the molecular diameter) provided the liquids concerned have uniform 
wetting powers for the adsorbent. 
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INTERACTION BETWEEN ACIDS IN SOLUTION 
By HussEIN SADEK 


The conductances of hydrochloric acid and of phosphoric acid in glacial acetic acid and in ethanol 
were measured at 35°. The condutances of the mixed acids in glacial acetic acid were many times 
greater than the additive values. Transport number experiments on these mixtures show that 
pho:phoric acid forms a positive ion. However, in ethanol solutions triple-ion formation between the 
mixed acids is not favoured and partial suppression of ionisation takes place. 


The researches of Hantzsch (Ber., 1925, 58B, 941) on pure nitric acid led to the 
conclusion that a nitronium nitrate was formed, NO (OH,)* NO,~, the existence of which 
was also confirmed in mixtures of nitric acid with sulphuric acid or with perchloric 
acid (Hantzsch and Berger, Ber., 1928, 61B, 1328). 1n a similar manner Arlman 
obtained a compound of m.p. 46-47° by the action of perchloric ‘acid on phosphoric 
acid (Rec. trav. chim., 1937, 56, 919). The existence of Se(OH;)* ion was proved by 
X-ray diffraction diagrams in a compound of selenious and perchloric acids (Arlman, 
ibid., 1939, 58, 871). The present work was carried out to follow the possibility of com- 
pound formation in Hantzsch’s sense between H,PO, and HCl ‘in glacial acetic acid 
and in ethanol as solvents. 


EXPERIMENTAL 


Glacial acetic acid was prepared according to a procedure similar to that of 
Hutchisen and Chandlee (J. Amer. Chem. Soc., 1931, 58, 2881). The 99% (B. D. H) 
acid was refluxed with chromic acid (5 g. per litre) for ten hours and then distilled. 
The.acid content was determined by using the freezing point data of de Visser (Rec. 
trav. chim., 1893, 12, 101). Distilled acetic anhydride was then added in the calculated 
amount and the acid was refluxed for one day. It was fractionated in an all-glass 
apparatus using a 50 cm. column and the middle fraction, b.p. 118°, was collected. The 
acid obtained hada m.p. 16.57° which was in close agreement with the previously 
reported values (16.6 +0.01° by McIunes and Shedlevsky, J]. Amer. Chem. Soc., 1932, 
54,1429; 16.55° by Hichelberger and La Mer, ibid., 1933, 55, 3633). The acid was 
always guarded against atmospheric moisture by phosphorus pentoxide tubes. It had a 
density of 1.033 g. at 35°. 

Auhydrous ethanol was prepared by following the directions of Walden, Ulich and 
‘Lauen (Z. physikal. Chem., 1925, 114, 275). At 35° it has a density of 0.7764 g. 

Hydrochloric acid solutions were made by allowing dry HCl gas to pass. through 
the solvent. The concentration of the solution was always determined gravimetrically 
as silver chloride. ; 

Phosphoric acid solution:s: Crystals of the ortho-acid were obtained by freezing 
a syrupy solution in dry acid-ether mixture, followed by centrifuge. They melted at 
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46-47°. The crystals were dissolved in the solvent and the concentration of the solution 
was determined gravimetrically as magnesium pyrophosphate. Admixing of the acid 
solutions was made out of contact of air directly in the conductivity cell and the mix- 
tures were analysed for their acid constituents. The conductance of the different 
solutions was measured by the classical Wheatstone bridge method. The conductance 
cell was made of Jena glass to which were sealed platinum electrodes (2 x 3 cm., space 
2mm. apart). The cell constant was 0.01231 + 0.02% as determined by 0.01 demal 
potassium chloride solution (Jones and Bradshaw, J]. Amer. Chem. Soc., 1933, 55, 1780). 
Conductances were measured at 35° +0.01°. 


Transport number experiments were carried out in an apparatus similar to that 
used.in a previous work (Sadek, this Journal, 1951, 28, 619) but modified to protect the 
solutions from contamination with water vapour. Platinum electrodes (1 x 1 cm.) were 
sealed to ground joints fitting the electrode compartments. The current passing through 
the solution was measured by means of a silver coulometer containing 20% silver nitrate. 


Glacial Acetic Acid Solutions 


In Table I the equivalent conductances of hydrochloric and ofphospliorié acid 
solutions are shown. Phosphoric acid was assumed to behave as a mionobasic acid. A 
similat assumption was made by Hall and Conant in the case of solutions of ashydrous 
sulphurie acid in glacial acetic acid ‘J. Amer. Chem. Soc., 1927, 49, 3047). 


Tasieé I 
Hydrochloric aciil. Phosphoric acid. 

10°. 108k, 107A. 3 10¢. 105k. 107A, 

2.634 1.087 4-33 1.117 0.092L 0.82 

4.006 . . 1.396 3.48 1.425 0.100 0.70 

6.168 1.733 2.80 2.634 0.2838 1.08 
i1.78 3-224 2.70 2.969 0.3553 1.20 
17.38 3.468 2.00 4-808 1.790 3-72 

_ 22.05 4.302 1.95 7-380 3 577 4 85 


_ The specific conductances of the mixtures of hydrochloric and phosphoric acids, 
shown in Table II, were compared with the additive values of the specific conductances 
of the single acids at the same molal concentration as that present in the mixture. In 
making these mixtures the concentration of phosphoric acid was nearly kept constant 
{about 0.3 molal) while that of hydrochloric acid was varied from 0.035 to 0.60 molal. 
The Specific conductances of the single acids were computed from a large-scale plot of 
the specific conductance against molality. The specific conductances of the mixed 
acids in glacial acetic acid were found to be many times greater than the theoretical 
‘additive values ,a result which indicates interaction between the two acids in this sol- 
vent as shown by the figures in the last column of Table II. A plot of these values 
aygaitist the concentration of hydrochloric acid expressed in mole% shows that this 
ratio f/e increases linearly with increase of hydrochlotic acid up to 40 mole% ard then 
increasés' more rapidly towards 65 mole%. 
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TABLE II 


Specific conductance of mixtures of hydrochloric and phosphoric acids in 
glacial acetic acid. 


a. b. c. d, é. f. g. 
m HCl. m-H;PQ,. 10°kHCI. 10°kH;PO,. c+d. 10°kobs. fle. 
0.0350 0.3697 0.134 1.08 1.21 2.80 2.31 
0.0606 0.3508 o 166 1.00 1.17 5-94 5.08 
0.1002 0.3829 0.246 1.18 1.43 8.30 5.81 
0.1625 0.3358 0.328 0.88 1.21 11.18 9-24 
0.2201 0.2409 0.414 0.64 1.05 11.52 10.9 
0.3271 0.3327 0.644 0.86 1.50 19.30 12.9 
" 0.4305 0.3606 0.810 1.04 1.85 32.40 17.6 
0.5891 0.3167 1.06 0.78 .1.84 44.30 24.1 


The ionisation of inorganic acids in glacial acetic acid has been shown by Kolthoff 
and Willman (J. Amer. Chem. Soc., 1934, 56, 1007) to take place in two stages. In 
the first, the formation of a solvated hydrogen ion and the corresponding anion takes 
place, which is followed by the association of the formed ions to ion-pairs because of 
the strong forces of attraction in that medium of low dielectric constant. These two 
stages are shown by the following equations: 


HA +CH,COOH ==CH;COOHH* + A~ we ion 
CH;COOHH* + A~==== CH; C(OH)3A~ ... ‘en vee (a) 


The formation of ion-pairs in these solutions is reponsible for the low conductances. 
However, in moderately concentrated solutions of phosphoric acid association to form 
triple ions is favoured, since the conductance of this acid passes through a minimum 
at c=o.20. ‘The value of this minimum obtained from a plot of Avc against c {Fuess 
and Kraus, J. Amer. Chem. Soc., 1933, 55, 2387) was found to amount to 0.22, which 
is in close agreement with the experimental value. 


Since the attraction between the ion-pairs of hydrochloric and phosphoric acids 
would be considerable due to their large momeats, triple-ion formation in the mixed 
acid solution is enhanced leading to the large conductances observed. In such cases 
the ion-pair of phosphoric acid would receive a porton and become a positively charged 
ion. ‘This expectation was confirmed by transport number experiments in which the 
‘cathodic notion of phosphoric acid was demonstrated. ‘Table III shows these results. 
Until the equilibrium conditions for the formation of triple ions in the mixed acids are 
known with certainty, the calculation of the transport numbers of the various ions. in 
these solutions would-be rather difficult. However, the results of the transport number 
experiments show at least in a qualitative way that phosphoric acid as an ion-pair can 
act as a stronger base than the solvent molecules of acetic acid and would thus accept a 
proton to form a triple ion which is analogous to the acid salts of Hantzsch (loc. cit.), 
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TABLE III 
Transport number measurements. 


Experiment No. 


I, II. III. IV. 
Original solution : 
Weight of sample 5.6708 g. 4.3380 g. 4.8228 g. 5.02908 
Weight of HCI 0.0638 © 0429 0.149 0.0286 
Weight of H;PO, 0.2137 0.1585 0.2809 0.2224 
Weight of acetic acid 5-3933 4.1366 4.5270 4-7780 
Cothode solution : 
Weight of cathode solution 22.2954 15.4490 15.5950 15-4930 
Weight of HCI 0.2410 0.1480 0.0346 0.0710 
Weight of H;P0, 0.8102 0.5690 0.9322 0.7103 
Weight of acetic acid 21.244 14.732 14.628 14.712 
Gain in H;PO, 0.0314 0.005 0.0244 0.0255 
Weight of silver deposited 0.0214 0.0328 0.0722 0.0948 


Ethanol Solutions 


The specific conductances of the single and mixed acids in ethanol are given in 
Tables IV and V respectively. 


TABLE IV 


Conductance measurements. 


Hydrochloric acid. Phosphoric acid, 
10%¢, 104k. 107A. 10%¢, 10'k, 107A, 
7-714 2.645 3-43 5.041 0.1064 21.11 
14.71 4-645 3-16 7.033 0.1387 19.71 
15-33 4-744 3-09 16.10 0.2530 15.70 
19.05 5-607 2.04 36.03 0.5043 14.00 
28.72 7.839 2.73 59-74 0.8134 13.62 
TABLE V 


Specific conductance of mixtures of hydrochloric acid and phosphoric acid in ethanol. 


a. b. C. d, é. f. g. 
10°mHCl. mH3PO,. 10ofkHCl. 10!kH3PO,. c+d. 10‘Kobs, fle. 
0.626 0.1822 2.80 0.320 3-12 1.45 0.464 
0.698 0.2034 3.10 0.350 3-45 1.91 0.553 
2.760 0.2774 9.90 0.501 10.40 5-49 0.528 
3-990 0.2045 13.90 0.352 14.25 7.24 0.508 
4-970 0.2589 17.30 0.451 17.75 8.67 0.488 


It can be seen that the observed specific conductances of the mixed acids are 
about half of those of the additive values, and lower than those of hydrochloric acid in a 
given mixture. It was found difficult to increase the concentration of hydrochloric acid 
in the mixtures above those given in Table V, for the solutions lost readily the volatile 








Boav H. SADFK 


acid. ‘Thus, in contrast to the acid mixtures in acetic acid, there is no excess of hydro- 
chloric acid. If the interaction between the two acids under these limiting conditions 
of concentration involves the partial suppression of ionisation of the weak phosphoric 
acid (Sadek, loc. cit.), a decrease in the conductance would take place, as shown by the 
data in Table V. As phosphoric acid was not completely suppressed in these ethanol 
solutions, as revealed by transport number experiments which indicated the anodic 
migration of the phosphate ion, triple-ion formation in Fuess’ sense was not favoured. 
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STUDIES ON THE DEPENDENCE OF OPTICAL ACTIVITY ON CHEMICAL 
CONSTITUTION. PART XXXVIII. THE CAMPHOR-8-SULPHONATES 
(d-& dl-) OF m-AMINOPHENOL, 3-AMINO-o-XYLENE, 4-AMINO- 
o-XYLENE, 5-AMINO-m-XYLENE AND 3-AMINO-p-XYLENE 


By Bawa KARTAR SINGH AND NARINDER SINGH KAPUR 


The rotatory dispersion of d-camphor-8-sulphonates of 1:2:3-(v)-xylidine, 1 :2 :4-ortho-xylidine, 
1 13:5-Sym.-m xylidine and 1 :4 :5-xylidine has been found to obey the one-term equation of Drude. 
It is therefore ‘‘simple’’. The sequence of rotatory power in different solvents is in the reverse order 
of their dielectric ccnstants with only minor variations. The influence of hydroxy and two methyl! 
groups in the benzene ring as well as that of position isomerism on rotatory power is discussed. 


This investigation which is in continuation of our previous work, uamely Part 
XXIII (Proc. Lahore Phil. Soc., 1944, 6, 15; Allahabad University Studies, 1944, 39) 
and subsequent communications (Proc. Ind. Acad. Sci., 1945, 22A, 84, 265 etc.) deals 
with the salts derived from disubstituted aailines, namely, xylidines, with a view to 
studying the effect of two methy! substituents. The following xylidines are taken: 
1:2:3-(v)-xylidine,__ 1:2:4-ortho-xylidine, 1:3:5 sym.-m-xylidine, 1:4:5-xylidine or 
p-xylidine. We have also included the camphor-8-sulphonates of m-aminophenvl. 


ExPERIMENTAL 


Camphor-B-sulphonates (d-and dl-) of m-Aminophenol, 1:2:3-(v)-Xylidine, 1:2:4- 
o-Xylidine, 1:3:5 sym.-m-Xylidine and 1:4:5-Xylidine.—As usual molecular propor- 
tions of the amine and camphor-8-sulphonic acids (d- and d/-) were dissolved separately 
in hot ethyl acetate. The two solutions were mixed and allowed to stand when the salt 
crystallised out. They were repeatedly recrystallised from absolute alcohol as fine 
white needles. They are very soluble in pyridine and water, less so in methy! alcohol, 
ethyl alcohol and chloroform, and insoluble in acetone and benzene. 


TABLE A 
m-Aminophenol-camphor-8-sulphonates. 
d-Form: m.p. 164-65° ; S=9.19. 
dl-Form: m.p. 150-52°.; S=9 21. 
CygH,0;NS requires S=9.35%. 


Xylidino-camphor-8-sulphonates. 
1 :2 :3-(v)-Xylidine salts. 
d-Form : m.p. 171-72° ; S=9.28 ; eq. wt. =352.7. 
dl-Form : m.p, 178°; S=8.97; eq. wt.=353.2. 
1 :2 :4-0-Xylidine salts. 


d-Form : m.p. 152-54°. ; S=9.4; eq. wt. =352.3. 
dl-Form : m.p. 168-70° ; S=8.8 ; eq. wt. =353.0. 
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TABLE A (conid.) 
1 :3 :5-sym. m-Xylidine salts. 
d-Form : m.p. 168-69° ; S=8.86; eq. wt.=352.9. 
dl-Form : m.p. 173-74° ; S=9.0; eq. wt.=3§2 9. 
I 4 :§-Xylidine salts. 
a-Form : m.p. 15¢-160° ; S=9g 28; eq. wt. =352.8. 
dl-Form : m.p. 149-51° ; S=9.20; eq. wt. =353.0. 
CigHq7O4NS requires S=9.01%. Eq. wt =353.0. 

The rotatory power determinations were made in a 2-dcm. jacketed polarimeter 
tube at 35°. ‘The concentration of the solution (g./100 ¢.c.) was 1.00. The values 
of A,’s, calculated from the dispersion formulae, are given in Tables I to V, and are 
expressed as » or 10°‘ cm. 


Nature of Rotatory Dispersion 


The rotatory dispersion of these salts is found to be “‘simple’’ as it can be expressed 
by the one-term Drude’s equation, 
__*o 
[= aay 
(Tables 1 to V). In this equation, k», the rotation constant, may be taken as the 
measure of ‘absolute’ rotation for the wave-length A for which A7—A,?=1 square micron. 
The ‘absolute’ rotations (k,s), being thus independent of wave-length, are numerically, 
but not dimensionally, identical with the magnitude of [=]. 

It is found that the differences between the observed and the calculated values of 
the rotatory power, as given in Tables I to V, lie within the limits of experimental 
errors allowed in such measurements. Again, the reciprocals of the specific rotatory 
powers, 1/[*], when plotted against A’, give straight lines. 

Nature of the Racemic Modification.—That all the five racemic salts are true dl- 
compounds was determined in the following way: A small amount of the d-form was 
added to the corresponding racemic modification and in each case the melting point 
of the mixture was lowered. 

The Effect of Solvent on Rotatory Power.—The order of decreasing rotatory power 
of d-camphor-8-sulphonates of 1:2:3-(v)-xylidine and 1:3:5-sym.-m-xylidine for 
Hgvess: in different solvents is chloroform > ethyl alcohol > methyl alcohol > water 
(Table VI). This foliows strictly the sequence of their increasing dielectric constants. 
The d-camphor-8-sulphonates of m-aminophenol, 1:2:4-ortho-xylidine and 1 :4:5- 
xylidine follow the same sequence as in the above cases, except that the position of 
methyl alcohol and ethy! alcohol in the sequence is interchanged. 

These sequences for Hgsie: line generally hold good, with minor variations, for other 
wave-lengths also. 


The Molecular Rotatory Dispersion of Camphor-B-sulphonates in Aqueous Solutions 
and Comparison of the Value of [M]x* of Camphor-B sulphonate Ion in Water 


Table VII gives the values of [M]3° for A varying from 43584 to 67084 for the 
d-camphor-8 sulphonates of m-aminophenol and four isomeric xylidines. The mean 








a —— 
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value of [M]3° for the d-camphor-8-sulphonate ion is 53°-54° (Thomas and Jones, J. 
Chem. Soc., 1906, 89, 284}. The value of [M]>° for the d-camphor-8-sulphonate of 
m-aminophenol, 1 : 2 :3-(v)-xylidine, 1 :2:4-0-xylidine, 1:3:5-sym.-m-xylidine and 1:4:5- 
xylidine is 81.8°, 79.4°, 90.0°, 104.1° and S8.2° respectively. As these values of the 
rotatory power of the salts are higher than the mean yalue of [M]%° for the camphor-f- 


TABLE I 


m-Aminophenol-d-camphor-8-sulphonate. 
R*-H.N.C,H, m-OH 





Solvent : Water Methy! alcohoi Ethyl alcohol Chloroform 

fo 5-793 _ 7-795 _2:060 9.043 _ 
Cale. A?—o0.1051 A?— 0.1034 A?—0.1021 A?—0.09714 

‘ie 0.3241 0.3215 0.3195 0.3127 
Line. Obs. Cale. o-c Obs. Cale. o-c. Obs. Cale. o-c. Obs. Cale. o-c. 
Ligioa 17.20° 16,80° +0,.00° 22 00° 22.49° —0.49° 20.00° 20.30° —0.30‘ 255° 25.64° —0.14° 
Liigio4 21.50 21.66 —0.16 29.00 28.96 +004 26.00 26.11 0.11 33.0 3285 +0.15 
Nasgg3 24.00 23.93 +0.07 32.00 31.98 +0.02 29.00 28.80 +0.20 36.0 36.16 —0.16 
Hgsrgg 40 25-00 - 25.30 —0.30 33-50 33-79 —0.29 39.50 30.43 +0.07 39.0 3817 +0.83 
Hgsig} 30.00 30.00 +0.00 4000 40.01 —0.01 36.00 35.99 +0.01 45.0 45.00 +0.00 ~ 
Liggg: 54-50 54.29 +0.21 72.00 71.90 +010 64.50 64.34 +0.16 79.0 78.93 +007 


Hess 68.00 68.23 —0 23 90.cO 9001 —0.01 80.50 80.32 +0.18 07.5 97:47 +0.03 
* R=CjgH,,0.SO3H, d-camphor-A-sulphonic acid, in Tables I to V. 


TABLE II 


1 :2:3:-(v)-Xylidino-d-camphor-8-sulphonate. 


Solvent : Water Methy] alcohol Fthyl alcohol Chloroform 

(ta) - 2088 __-1:228 ta. 20-33 
Cale. J A?— 0.08407 A?—0.1080 A3—0.1063 A?—0.09162 

} 

Ay 0.2899 0.3286 0.3260 0.3027 

Line. Obs. Cale. o-c, Obs. Cale. o~c. Obs. Cale. oc, Obs. Cale o-c, 
Lieros 16.5° 16 50° +0,00° 21.00° 21.13" —0.13° 22.0° 21.71° +0.29° 29.0° 28.83° +0.17° 
Ligios 21.0 20.92 +0.08 27.50 27.33 +0.17 28.0 28.10 —o0.10 36.5 36.78 —0.28 
Nageg3 22.5 2S 22.04 0.44 30.00 3021 —0.21 31.0 31.07 —0.07 40.5 40.42 +008 
Hgsry 20-240 «= 24.15 0.15 32.00 31.97 +0.03 33.0 32.86 +0.14 42.5 42.61 —0.11 
Hg, 28.5 2820 +0.30 38.00 38.co +0.00 390 39.00 +0.00 50.0 50.00 +0.00 
Liigges 47.0 47.26 —0.26 69-50 69.65 —0.15 71.0 70.92 +0.08 86.0 85.96 +-0.04 


Hggss 57:0 57.02 —0.02 88.00 88.14 -0.14 89.0 89.41 —0.41 1050 305.1 0.0% 





854 
Solvent: 
[a] 
Calc. 
Ag 
Line. Obs. 
Ligezo8 18.0° 
Liging 23-5 
Nasgeg3 25-5 
H@s5780 28.0 
Hgysi 32.0 
Ligeg3 = -§7-0 
Agiesg 70-5 
Solvent : 
{a} 
Calc. 
Ao 
Line. Obs 
Lier, = 205° 
Ligyo4 26.5 
Nasg,3 29 5 
Hgs7g9 «0-310 
Hes 36-5 
Ligs 64.5 
Hgi3sg 80.0 
Solvent : 
[a] 
Calc. 
ro 
Line. Obs. 
Liezos 18.0° 
Ligy04 23.0 
Nasgg3 42-25 0 
Hgszso 26.5 
Hgs6; 31.0 
Liss §2-5 
Hgiss 63 5 


1 :2:4-ortho-Xylidino-d-camphor-8-sulphonate. 


Water 


6.304 
A?—0.1012 


0.3181 


Cale. o-c. 


—0.07° 
+0.26 
—0.13 
+0.93 
+0.00 
—0.01 
0.49 


18.07° 
23.24 
25.63 
27.07 
32.00 
57.01 
70 99 


1:3 :5-sym.-m-Xylidino-d-camphor-f8-sulphonate. 


Water 


7-274 
A?—0.00801 


0-3145 
Cale. o-C€. 


—0.22 
—ocg 
+0.21 
+ 0.09 
+0.c1 
+0.07 
+005 


20.72 
26.59 
29.29 
30.91 
36 49 
64.43 
79-95 


I 
Water 


__ 6 554 
A? — 0.08678 





0.2946 
Cale oc. 


—005° 
+..:6 
—0.17 
—0.01 
+0.00 
+0.12 
—0.02 


18 o5° 
22 94 


25.17 
26.51 
31 00 
52.38 
63.52 


‘4 


TABLE III 


Methyl alcohol 


__ 8.872 
A?— 0.08674 
0.2945 
Obs. Cale. o-c. 
24.5° 24.43° +0.07° 
31.0 3105 —0.05 
34-0 34.00 +0.00 
360 3586 +0.14 
42.0 41.97 +0.03 
710 70.92 +008 
86.0 85.98 +0.02 
TABLE IV 
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Ethy! alcohol 


__7-652 





A?—0.1069 


0.3259 


Obs. Calc. 


22 0° 22.30° 
290°0 28.81 
32.0 31.85 
33-5 33-68 
40.9 40.00 
73-0 72-97 
92.0 9208 


O—-C. 


—o 30° 
+0.19 
+0.15 
—0.18 
+0.00 
+0.03 
—c.08 





Metby] alcohol 


__ 7578 
A?—0.1039 





0.3223 


Ethyl alcohol 


8 806 
A? — 0.09995 


© 3016 


Obs. 


22.0° 
28.0 
31.0 
33-0 
39-0 
70.9 


88.0 


Calc. 


21.90° 
28.21 
31.16 
32-93 
39.00 
70.23 
88.00 


O-—€. 


. 


+0.10 
—0.21 
—0.16 
+0.07 
+o0co 
+0.23 
+0.00 


TABLE V 


Obs. Calc 


24 53 
31.27 
34-37 
36.22 
42.50 
72.86 
83.04 


25.0° 
31.0 
34-5 
36.0 
42.5 
73-0 
29.0 


o—c. 


+0.47° 
—0.27 
+0.13 
—0.22 
+0.00 
+0.14 
+0 04 


: §-Xylidino-d-camphor-8-sulphonate. 
Ethy] alcohol 


Methy! alcohol 
8.978 
A?— 0.0844 
0.2905 
Obs. Cale. o-—c. 
24.5° 24.56° —0.06° 
31.5 31.16 +0.34 
34-9 34-17. —0.17 
360 35.96 +0.04 
42.0 42.00 +0.00 
70.5 70.47 +0.93 
85.0 85.02 —0.02 


__ 7-973 





A?--9.1014 


0.3184 


Obs. Calc. 


23.0° 22.89° 
29.5 29.41 
32-5 32-44 
340 34-27 
49.5 40.50 
72.0 72.24 
90.0 90.01 


Oo~- Cc. 


+o 11° 
+909 
+0.06 
—0.27 
+o 00 
—0.24 
—0.01 


Chloroform 
13.04 
A?— 0.08574 
0.2928 
Obs. Cale. o-c. 
30.5" 30.33" +0.17° 
38.5 38.53 —0.03 
42.9 42.24 —0.24 
445 44.45 +005 
5250 5200 +0.00 
87.5 87.58 —0.08 
106.0 106.0 +0.00 
Chloroform 
a 7 
A?— 0.09982 
0.3158 
Obs. Cale. o-c. 
28.5° 28.32° +0.18° 
36.5 36.37. +0.13 
40.0 40.09 —0.09 
42.0 42.33 —0.33 
§0.0 4997 +0.03 
885 88.55 —0.05 
110.0 110.10 —0 10 
Chloroform 
8.239 
AP—0.1151 
0.3392 
Obs. Cale. o-c 
245° 24.60° —o.10° 
32.0 32.01 0.01 
35-5 35:59 +000 
38.0 37.62 +0.38 
45-0 45.00 +0.00 
85.0 85.21 0.21 
1700 110.0 +£0.00 














sulphonate ion (53°-54°) and as the observed molecular rotatory power of the salt in ‘ 
aqueous solution is the sum of the rotatory power of active acid ion and the non-iovised 

molecule, it is clear that the undissociated camphorf-sulphonate molecules have higher 

rotatory powers and that these salts are not completely dissociated in 1% solution. 


TABLE VI 


15 


2b 


a> 


s® 


6a 


7* 


10 
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d-Camphor-8-sulpaonate 
of 


Anili -e 


o-Awinophenol 


m-A minophenol 


p-Aminophenol 


o-Tolnidine 


m-Toluidine 


p-Toluidine 


1 :2 :3-(v)-Xylidine 


1:2 :4 ortho-Xylidine 


1 23 :5-Sym -m-Xylidine 


1 :3 :§-Xylidine 


This indicates the dielectric constant of the solvent. 
+ The values in brackets refer to kgs, the values of the specific rotation constants. 
(a) Singh, Perti and Singh, Proc. Lahore Phil. Soc., 1944, 6, 15; Allahabad University Studies, 


1944, 37- 


Water 
(80) *. 
20.5° 
(3.4) F 
255 
(4.706) 
30.0 
(5-793) 
31-5 
(5.958) 
199 
(3.367) 
18.8 
(3 31) 
20.2 
(3-39) 
28.5 
(6.038) 
32.0 
(6.304) 
36.5 
(7.274) 
31.0 
(6.554) 


Methv!] alco! o! 


[al3se,. 


(31.2)*. 
32 4° 
(6.284) t 
28.0 
(7.795) 
40.0 
(7.795) 
34.0 
(6.592) 
29-6 
(5.685) 
28.9 
(5.661) 
39.5 
(5.96) 
38.0 
(7.228) 
42.0 
(8 872) 
39.0 
(7.578) 
42.0 
(8.978) 


(b) Singh and Kapur, Proc. Ind, Acad. Sci., 1951, 833A, 42. 


d-Camphor-8-sulphonate of 


m-Aminophenol 

1:2 :3-(v)-Xylidine 

1:2 :4-ortho-Xylidine 

I 23 :§-sym.-m-Xylidine 
1:4 :5-Xylidine 





TasLe VII 


63-5 


81.1 


Liezos. Ligios. 
57:9" 73-3° 
58.2 741 
63 5 829 
72-3 93-5 


Nasaos. 


81.8° 
79.4 
90.0 
104.1 
88.2 


[M]%° in aqueous solution. 
f 


Hgsveo. 


85.2° 
84.7 
98.8 
109 4 
93-5 


Ethy] alcohol 


(25.8)*. 


36.4° 
(6.997) t 


36.0 
(7.06) 


34-7 
(6.88) 
341 
(6.79) 
35-5 

(6.95) 
39-0 

(7.484) 
40.0 

(7 652) 

42.5 

(8.806) 

40.5 

(7.973) 


102.3° 
100.6 
112.9 
128 8 
109.4 


Hgsse1. 


Cc 


( 
36.0 


( 


(8.81) 


42.7 


( 


44.1 
(9.12) 


(10.33) 


§2.0 


( 


50.0 
(9.917) 


45.0 
(8 239) 


Ligaos.- 


185.8° 
165 9 
201.2 
227.6 
185.3 





855 


































bloroform 
(5.2)* 


453° 
(9.276) + 


66.0 
(13 01) 


45.0 
9.042) 
7.074) 


43.5 


8.91) 


50.0 


11.04) 


Hgiase 


231 8° 
201.2 
248.8 
282.4 
204.7 
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The Influence of Chemical Constitution on Rotatory Power 


Rule (J. Chem. Soc., 1924, 1121) has arranged the groups regarding their effect on 
the rotatory power of a compound in the following polar series: 


OH, Cl, Br, NH:;, C.Hs, CH;, H, COOH, CHO, COCH;, CN, NO, 


It was argued that if a substituent group lying on one side of the hydrogen atom in 
the above mentioned polar series increases the rotation, that on the other side of the 
hydrogen will decrease it and vice versa. 

o-, m- & p-Aminophenol-d-camphor-8-sulphonates (Table V1).—The replacement 
of a hydrogen atom in the benzene nucleus of the anilino-d-camphor-8-sulphonate by 
a hydroxy group, increases the rotation in aqueous solution in the case of the three iso- 
mers, namely, o-, m-and p-aminophenol-camphor-S-sulphonates, the lowest effect being 
shown by the ortho derivative and the highest by the salt derived from the para base. 
In methyl alcohol, the rotatory power of the ortho salt is less than that of the aniline 
salt, both meta and para salts showing higher rotation. On the other hand, in chloro- 
form solution the ortho compound shows much higher rotation than the parent com- 
pound{whose rotation is almost identical with that of the meta salt. ‘The rotation of 
the para salt is much lower than that of the parent compound. This erratic behaviour 
of the hydroxy’ group does not in any way correspond to its position in the above men- 
tioned polar series. 

Toluidino- and Xylidino-d-camphor-B-suiphonates (Table V1).—The replacement 
of a hydrogen atom in the phenyl group of anilino- d-camphor-8-sulphonate by a methyl 
group, as in the o-, m- and p-toluidine salts, produces a slight lowering in the rotatory 
power, the greatest effect being shown by the meta isomeride and the least by the para 
compound in all the solvents ; thus the methy! group acts as a depressant. According 
to Rule’s polar series given above, a second similar group (methyl) should further 
enhance this effect as regards lowering of rotatory power. On the contrary, we find 
that the introduction of a second methyl group considerably enhances the rotatory 
power of the isomeric xylidine salts, the lowest effect being shown by the 1:2:3-isomer 
in all the solvents, except chloroform in which it is the 1:4:5-isomer which shows the 
smallest increase in rotatory power. 

The above mentioned results do not support the theory of Rule as regards the effect 
of the nature of polar groups on rotatory power. The property of optical activity is 
therefore remarkably esoteric. 

The Effect of Position Isomerism on Optical Activity 

The orders of rotatory power of the d-camphor-8-sulphonates of o-, m- and p-amino- 
phenol (Table VI) in methyl] alcohol and chloroform do not agree with Frankland’s ‘lever- 
arm’ hypothesis (J. Chem. Soc., 1396, 69, 1583) nor its electrostatic modification by 
Rule (ibid., 1924, 1122). In water, the divergence from these rules is slight, the position 
of the ortho derivative and the unsubstituted compound only being interchanged. 

The sequence of rotatory power of the d-camphor-f-sulphonates of aniline, o-, m- 
and p-toluidines in different solvents (Table V1) is m <0 < p< un; it also militates 
against the above mentioned generalisations of Frankland and Rule. 
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The values of specific rotatory powers, [%]éie:, of the d-camphor-f-sulphonates of 
the isomeric xylidines in decreasing order are given in Table VIII. The decreasing 
order of the rotation constants, k,s, is also given in brackets. The isomeric xylidines 
in this table are indicated by the numerals representing the order of the substituents as 
CH,:CH;:NH, in the benzene ring. 


TABLE VIII 


[= ] sii. 
Solvent. d-Camphor-8-sulphonates of x vlidines. 
Water 1:3:5>1:2:4>1:4:5>1:2:3 


(1:3 :5>1:4:§>1:2:4>1:2:3] 


Methy1 alcohol 1:4°§=1:2:4>1:3:5>1:2:3 
[1:4:§>1:2:4>1:3:5>1:2:3) 


Ethy! alcohol 1:3:5>124:§>1:2:4>1:2:3 
{1:325>1:4:5>1:2:4>1:2:3] 


Chloroform 1:2:4>1:3 25 =1:2:3>1:4:5 
[1:2:4>1:2:3>1:3:5>1:4:5] 


The rotatory power of the salt of 1:2:3 (v)-xylidine is lowest in all the solvents 
except chloroform in which 1:4:5-isomer has the lowest rotation. The order of the 
rotation constants, k,s, is generally similar. It will be seen that the order of the other 
isomerides in different solvents is variable. Thus, 1:3:5 (water and ethyl alcohol), 1:4:5 
(methyl alcohol), and 1:2:4-isomer {methy! alcohol and chloroform) have the highest 
rotatory power in different solvents as indicated in brackets. It thus appears even more 
difficult to correlate the effect of position isomerism and chemical constitution of tri-subs- 
tituted benzene derivatives with their optical activity than that of the di-derivatives. 
The tri-substituted benzene derivatives have not been investigated to any large extent 
and the present study is one of the few (Singh and Tewari, Proc. Ind. Acad. Sci., 
1945, 22A, 20) which have been made. One result, however, emerges from the present 
investigation, namely, that when the three groups in the benzene nucleus are in the 
vicinal position, as in the d-camphor-8-sulplionate of 1:2.3-(v)-xylidine, its rotatory 
power is lowest with minor variations. 
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FREE VOLUMES AND INYERNAL PRESSURES OF LIQUIDS AND 
THEIR ENTROPIES OF EVAPORATION 


By B. P. Gvyanr AND S. N. Das 


Internal pressures and entropies of evaporation of a large number of liquids|have been calculated 
fron their vapour pressure data. It i: found that the internal pressures tend to increase by increasing 
unsaturation in the molecule, and also when polar groups are introduced. A general expression for 
the entropy of evaporation of a liquid has been deduced, based upon the vapour pressure equation of 
van der Waals, viz Lp/T = 2.303R (k + log pc/p). A consideration of this equation shows that no 
actual conditions can be prescribed such as Tronton or Hiidebrand did, under which Lp /T should be a 
constant even for non-associated liquids. Batschinski's equation has been used to calculate the free 
volumes of some liquids, and these have been compared with the internal pressures and coefficients of 
compressibility. Their change with chemical constitution has been also noted. 


An understanding of the liquid state still remains much more vague than that of 
the solid or the gaseous state, but a good deal of interesting conclusions have been 
drawn in recent years both from experimental and theoretical sources. It appears 
therefore profitable to examine the steadily accumulating data on liquids and find out 
how far some generalisations made in the past are borne out and what new conclu- 
sions can be drawn. A 

The vapour pressure data used in the following calculations have been taken mainly 
from the Chemical Engineer’s Handbook (McGraw-Hill Book Company, Inc., New York, 
1941). It has been pointed out to the authors that the vapour pressure data corrected 
up to 1950 have been presented, among others, by the National Bureau of Standards, 
U.S. A. (American Petroleum Institute, Research Project No. 44), but this publication 
has not been available to them so far. The density and other physical data have been 
also chosen from the same source. 


Trouton’s and Hildebrand’s Rules 


‘The latent heats of evaporation {L,) have been calculated in the first instance, from 
the Clausius-Clapeyron equation, at the normal boiling points. These Lp values do not 
show any regular variation from member to member in any of the homologous series 
studied, viz., paraffins, alcohols aud aromatic hydrocarbons. The entropies of evapora- 
tion at normal boiling points (L,/T») show wide variations, as will be apparent from 
Table I, even when the substances concerned are not considered to be associated. 
Trouton’s rule, as is well known, requires this quotient to be constant, viz., 22 (Phil. 
Mag., 1884, 18, 54). The earlier workers did not bring out the large discrepancies 
such as are found here with ethane or mesitylene. A general recognition of the fact 
that Trouton’s rule is unsatisfactory led others to compare the entropies of evaporation 
under different conditions. Thus, Hildebrand (J. Amer. Chem. Soc., 1915, 81, 970; 
1918, 40, 45) compared them at equal concentrations of the vapour in the vapour phase, 
viz., 0.00507 moles litre. ‘The entropies so calculated are contained in Table II, which 
presents mostly new data. Where two figures are given for the same substance, the 
second one refers to the value obtained by Hildebrand. 





ea mg wet Mm 
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TABLE I 


Entropy of evaporation at normal B. P. (1 atmosphere). 


Substance. Lp/Tb. Substance. Lp/Tb. 
Methane 18.78 CH,Cl, 17.26 
Ethene 5-79 CCl, 18.62 
Propane 22.53 
Butane 16.29 Benzene 22.83 
Pentane 21.80 Toluene 21.78 
Hexane 21.73 o-Xylene 21 80 
Heptane 21.34 m-Xvylene 21.95 
Octane 29.22 p-Xylene 20.18 
Nonane 25.72 Mesitylene 8.09 
Decane 23.44 

MeOH 27.30 
Acetylene 27.13 EtOH 27.90 
Ethylene 16.77 n-PrOH 29.34 

n-BuOH 28.44 

n-AmOH 27.47 

TABLE II 


Entropies of evaporation at conc, 0.00507. mole litre in the vapour phase. 
Tu = the corresponding temperature. 


Substance. Tu. Lp at Tu. Lp/Tz. Substance. Tx. Lp at Tu. Lp/Txu. 
Methane 83 1961 23.62 Ethvlene 132 3891 29.48 
Ethane 154 6105 39.64 Renzene 298, 298 7791 26.14, 27-4 
Propane 182 4279 23.50 Toluene 326 8913 27.34 
Butane 220 5672 25.78 o-X viene 354 8474 23.94 
Pentane 256, 256 6819 26.64, 27.0 m-Xylene 3525 9508 27.24 
p-Xylene 346 8213 23.45 
Hexane 287, 286 7691 26.80, 27.2 Mesitlyene 319 6226 18.26 
Heptane 315 8559 27.17 
Octane 341, 338 9469 27.76, 27.6 MeOH 294 8748 29 76 
Nonane 370 8280 49.42 EtOH 307, 307 10520 32.82, 33.4 
Decane 371 9800 26.41 n-PrOH 326 11090 34-00 
n-BuOH 345 11830 34.30 
Oxygen 66.5,75 1817 27.74, 27.6 n-AmOH 356 11880 33.36 
H,S (solid) 176 5786 32.88 
Ng (solid) 56-5,55 1652 29-19. 27.6 CH,Clh 270 5635 20.86 
Water 325, 325 10240 31.52, 32 CCl 294, 294 7776 26°45, 27.0 


The second one refers to the value obtained by Hildebrand. Although Hildebrand 
used much older vapour pressure data, his calculations of Tx as well as L,/Txs agree 
quite closely with the present calculations. The only notable exception is the Tx for 
oxygen. One may note the very high values of entropy for ethane and nonane, and 
the very low values for mesitylene and CH,Cl,. The improvement over Trouton’s rule 
is not quite satisfactory. It is curious that ethane has a very low value in Table IT 
and a very high one in Table II. Under these circumstances it is profitable to seek 
yet other conditions under which the entropy of evaporation is a better constant. One 
such attempt follows in the next section. 
7—1801P—11 


860 B. P. GYANI AND 8. N. DAS 


Van der Waals Vapour Pressure Equation and Entropy of Evaporation 


Consider the van der Waals vapour pressure equation, 


logis = k(1- T. ) rs sit? Eg) 


where fc, T. are the critical pressure and temperature respectively, and k = RTo/P. Ve, 
where V. = molar critical volume. Write s = p/p, and 6 = T/T. , then, 


log;o t = k (1-67") bet Ae ae 
Differentiating (2), 
dlogm _ 2.33k I dz _ 2.303k 
76 gr Ok a = pee sin) aD 


An approximate form of the Clapeyron equation is, 


cdg p T dp _ Lp 
aT ~~ '* RT? aT RT (4) 
6 dz Lp 
>. ee + at io 
Whence ~* 9 RT 5) 
Comparing (3) and (5), 
Lp _ 2.303k 
RT 6 
or entropy of evaporation at constant pressure and temperature 
T Fz r .R om > ae 
’ oe 1 _ k + log pe/p : 
Since aad | one gets from (1), P a a ic 
i te Pe 
From (6) and (7), = * 2.303 R{ k + log > ie — ‘ies 
When P = 1 atmos., T = Tb, the normal boiling point. Then, 
Ip — 2.303 R tk + log pe) ve a: oe 
Th 


Eq. (9) shows that L,/T», which determines the Trouton’s constant, depends upon the 
values of k and log ~.. Not all substances have the same critical pressure, nor give 
the same value of k. For ordinary organic liquids p- varies from 50 to 100 atmos. and 
k is found to have values from 3.5 to 4.5. The bracketted expression in (9) may there- 
fore vary from about 5 to 6.5 for these substances, giving a value of about 23 to 31 for 
L,/T» showing that there would be apparently little chance of Trouton’s coefficient 
coming out to be constant, 
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TABLE III 


Entropies of evaporation at normal boiling temperatures extrapolated from Van der 
Waals’ vapour pressure equation. 


Liquid. Te. de. k. logigPc. 2.303 R(k+log fo.). 
Methane —82° so 3-454 1.6609 23°59 
Ethane +35.0° oon 3.589 1 6884 24.31 
Pentane 197.2° 0.2323 3-762 1.5185 24.33 
Hexane 234.8° 2344 3.830 1.4689 24.42 
Heptane 266.9° 2341 3-945 1.4281 24.75 
Octane 296.4° 2327 3.846 1.3909 24.21 
Ethylene 10.1° 0.210 3-580 1.7067 24.35 
Acetone 237-5" 252 4-101 1.6721 26.39 
Water 374.0° 329 4.458 2.3379 31.31 
CCl, 283.2° .558 3.677 1.6532 24.56 
Benzene 288.5° 0.3045 3.775 1.6785 25.13 
Toluene 320.6° vee 3-715 1.6191 24.57 
MeOH — 240.0° .2722 4.559 1.8960 29.75 
EtOH 243.1° 2755 4-115 1.8000 27.26 
PrOH 263.7° 2734 3-997 1.6985 26.24 


Table III shows the values of Lp/T» for different substances calculated from (9). 
The values of k and f/. have been taken from Landolt-Bornstein Tables and supplement- 
ed where possible from the Chemical Engineer’s Handbook (loc. cit.). Where k could_ 
not be found from the Tables, it has been calculated from the equation, 

_ 82.07 * T. X de 

"Pex M 

(T = crit. temp. in °K, pe = crit. pressure in atmos., d. = crit. density in g./c.c. and 
M = molecular weight). It is surprising to note from column 6 that the entropy values 
for substances usually considered non-associated are constant with a mean value of 
24.42 from these figures. The two extreme figures, viz. those of methane and 
benzene, differ from this mean to the extent of — 4% and + 3% respectively, 
whereas the others hardly show a variation of +1%. It is unfortunate that all the 
critical data are not available for all the substances studied in this paper, but as far 
as the present figures go, there is little to indicate that the constancy may be fortuitous. 
Alcohols, acetone and water give high values, as they should if they are associated in 
the liquid state. One notes that the values of the entropy decrease in the order: 
water, methyl alcohol, ethy! alcohol, propyl alcohol. ‘ 

Under these circumstances it is profitable to find out what the entropy given by (9) 
means. In deducing this, one starts from the van der Waals vapour pressure equation (1). 
The calculated entropy therefore refers to the normal boiling point calculated from (1). 
Eq. (1) is only an approximate formula, perhaps ciosely applicable near the critical tem- 
perature. Departures from this equation may therefore be expected near the actual 
boiling points. One therefore expects that the observed and calculated boiling points 


k 














862 B. P. GYANI AND 8. N. DAS 


may differ in general, and so also the corresponding entropies, which refer to Trouton’s 
constant and the constant of Table III, respectively. If equation (9) really gives a 
constant value of entropy for non-associated liquids, it is clear that we cannot prescribe 
any set of actual ex»erimental conditions such as Trouton or Hildebrand did, under 
which the entropy of evaporation would be a constant. 

One may follow from ‘8) how the entropy should vary under different conditions. 
The entropy is directly a function of the pressure, . At low temperatures (p smali) the 
entropy of evaporation may be quite high. It should decrease as the temperature (and 
hence the pressure) is increased. In practice the highest entropy will be attained at the 
melting point of the substance and the lowest at the critical temperature (p=pc), where 
its value will be 2.303 R.k cal./mole. Since k is variable from substance to substance 
(Table III), the entropy of evaporation at the critical temperature will not be constant by 
any means, and it will yet be 70-80% of the value at about the normal boiling point. 


Internal Pressures 


It is well known that every liquid is subject to a compressive force or internal 
pressure by virtue of the mutual attraction of its molecules. These pressures may be cal- 
culated from the relation, 

internal pressure =Ly/?, 
where Ly = latent heat of evaporation of 1 g. mole of liquid at constant volume, 
and v = molar volume of the liquid, both measured at the same temperature. Ly is 
easily calculated from lL», from the relation L, = Ly + RT. Table IV gives the 
values of Ly in cal./mole, and of v in c.c./mole, mostly at or around 20°. ‘The values of 
L,/v obtained from these have been converted into megabars per sq.cm (i.e. ro*dynes/ 
cm’) by multiplying the quotient by 


4.18 x 10" 2 
2 or 41.8 (col. 5). 
10° e 
TABLE IV 


Average internal pressure of liquids. 


Substance. Ly. Density. Molar. Ly /v. Substance. Ly. Density, Molar. Ly/v 
volume. volume. 
Methane 1757 0-415 38.56 1904 CH,Cl, 6463 1-378 61.65 4381 
Ethane 3086 .446 67.38 i9I5 CCl, 6968 1.633 94-19 3092 
Propane 3869 536 82.21 1967 
Butane 4942 600 96.83 2133 Benzene 7087 0.874 89.35 3315 
‘Pentane , 5776 -634 113.6 * 2126 Toluene 11033 885 104.1 3200 
o-Xylene 8052 863 123.7 2720 
Hexane 6527 0.647 132-9 2091 m-Xylene 8502 864 123.6 2889 
Heptane 7434 668 149.7 2076 p-Xylene 7419 861 124.0 2501 
Octane 8104 -689 165-5 1928 Mesitylene 5094 -869 138.1 2532 
Nonane 10190 .718 178.2 2390 
Decane 9646 730 194-5 2052 MeOH 8213 0.810 39 52 8416 
EtOH 8917 804 57.28 6507 
Acetylene 3606 0.621 42.20 3572 ProOH 9670 819 73-31 5513 
Ethylene 2837 -610 46.68 2541 BuOH 11172 .809 91.54 5100 
Acetone 6647 797 72.64 3826 AmOH 11042 812 108.54 4254 
6501 1.504 70.38 3424 


CH,Ci 5176 +962 50.91 4250 CHCl, 
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One notes that the internal pressures of these liquids vary greatly from substance 
to substance. The saturated paraffin hydrocarbons have substantially constant internal 
pressures, 1900 — 2000 megabars/cm’ but the homologues of benzene show a progressive 
decrease as more and more methyi groups are attached to the ring. Methyl alcohol has 
a large internal pressure of about 8000 megabars, but its homologues also show a pro- 
gressive decrease as the hydrocarbon chain lengthens. A similar tendency exists in 
the series CH;Cl, CH,Cl,, CHCI,, and CCl,, although the position of CH,Cl, is slightly 
anomalous. When one compares the values of acetylene and ethylene with that of 
ethane, one finds that the introduction of a double bond increases the internal pressure 
greatly, which is further increased when a triple bond appears. it may be stated gener- 
ally that when polar groups are present in a molecule, they tend to increase the internal 
pressure. However, methane and CCl, both have no apparent dipole moments, yet 
the latter has an internal pressure about 50% higher than that of the former. 


Free Volumes in Liquids 


Although molecules of a liquid are quite close together, yet all liquids have a 
measurable compressibility. It is therefore reasonable to consider that there are vacant 
spaces in liquids by virtue of repulsion between molecules when the mutual approach is 
close. It should be possible to calculate the magnitudes of these free volumes or 
‘holes’ as they are called, if one knows the apparent volume, say of one gram of the 
liquid, and the actual volume the molecules contained in this mass occupy. Batschinski 
(Z. physikal. Chem., 1913, 84, 643) has shown from the data on the viscosity of pure 
liquids that the specific volume ‘volume of 1 g.) ofthe liquid v’ is related to the viscosity 
n according to the equation 


> eC : 
v =wt- where w and C are constants. 
1) 


Batschinski further found that »=0.307 ve , and concluded that » was the correct mea- 
sure of the consolidated volume of molecules in 1 g. of a pure liquid. (The van der Waals 
treatment requires this volume to be 0.33 v-). The free space in one gram moie of a 
liquid may than be measured by M (v’—w). v’ has to be calculated from the ordinary 
density (chosen close to the temperature 20° here), and w from the critical density. 
The differences of Mv’ and Mw are shown in col. 4 of Table V. Unfortunately, the 
critical density of many compounds is not known so that the calculations are limited to 
only about a dozen. Column 5 shows the percentage of holes to total volume for different 
liquids. One finds that the relative volumes of holes decrease progressively from pentane 
to octane, and also from methyl alcohol to propylalcohol. Acetylene has more holes 
than ethylene, and methyl chloride more than carbon tetrachloride. 

Column 6 in the same table gives the coefficients of compressibility of the different 
liquids. Compressibility depends upon the applied pressure and decreases rapidly 
towards the higher pressures. Unfortunately, the figures do not all refer to the same 
pressure, but as far as possible they have been chosen for the lowest pressures. One 
can see that M (v'—w) and the compressibility run parallel in a general way, which 
is quite understandable. It appears therefore that there may be a simple relation 
between viscosity of pure liquids and their compressibility. 
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TABLE V 


Free volumes and coefficients of compressibility of liquids. 


Substance. Mv’. Me. . M(v’-«). % Free vol. Coeff. of 
compressibility. 

Pentane 113.6 C.c. 95-13 C.c. 18.3 16.3 318 
Hexane 132.9 112.7 20.2 152 159 
Heptane 149-7 131.1 18.6 12.4 134 
Octane 165.5 150.5 15.1 9.1 121 
Acetylene 42.2 34.64 7-60 18.0 
Ethylene 46.8 41,00 5.68 12.2 nie 
Acetone 72.64 70.71 1.93 2.7 irr 
Water 18.00 16.80 1,20 6.7 49 
rosy 50.91 41.90 9.00 17-7 -_ 
CHCl, 79.8 73-89 4-49 7-4 83 
CcCcl, 94-19 84.67 9.50 10.1 86 
Benzene 89.35 78.63 10.7 12.0 89 
CH;0H 39-52 36.08 3.4 11.3 103 
C,;H;OH 57.28 57-26 6.0 10.5 100 
C;H;OH 73-31 68.04 5.2 7.2 . 77 


One should have expected that those liquids that have a large internal prassure 
should have a small percentage of free volume. Such an expectation is not fulfilled even 
for the same series of compounds. ‘lhus, the hydrocarbons of the methane series have 
substantially equal internal pressures, but the present free volumes show large decreases 
from methane to octane. Among the alcohols, both the qunatities decrease in the order: 
MeOH > EtOH > PrOH, which result is exactly opposed to expectation. 
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COMPLEX COMPOUNDS OF DICYANDIAMIDINE AND PHENYLDICYAN- 
DIAMIDINE WITH CUPPER, NICKEL, COBALT AND PALLADIUM 


By PrIVADARANJAN RAy anp GuRUPADA BANDOPADHYAY 


Copper, nickel and palladium bis-phenyldicyandiamidine, as well as cobaltic tris-dicyandiamidine 
and tris-phenyldicyandiamidine, have been prepared and their properties studied. In addition, the 
preparation and properties of the chloride and sulphate of copper bis-dicyandiamidine and bis-phenyl- 
dicyandianiidine, as well as those of nickel bis-phenyldicyandiamidine and the chloride of palladium 
bis-dicyandiamidine and bis-phenyldicyandiamidine, have been described. Further, the constitution 
of these compounds has been discussed from a comsideration of their colour and magnetic properties. 


In continuation of the studies relating to the formation of complexes of biguanide 
and its substitution products with bivalent and tervalent metals, carried out in this 
laboratory, it might be of interest to make a similar study with respect to dicyandi- 
amidine, which may be looked upon as a derivative of biguanide. 


H,N—C—NH—C—NH, H,N—C—NH—C—NH, 
I i] i] ll 
NH O NH NH 
Dicyandiamidine. Biguanide. 


This substance also is known to form inner-metallic complexes with bivalent copper, 
nickel and palladium (Jona, Gazzetta, 1907, 37, 561; Grossmann and Schuck, Ber., 
1906, 39, 3356). 


The following structures have been assigned to the complex nickel dicyandiamidine 
(cf. Tschugaeff, Ber., 1907, 40, 1975; Dumont, Metallwirtschaft, 1929, 7, 281). 


NH NH NH 

“nite i ’ 

CNH, C—NHi e CoN H,.. 

NH ‘SIni or INH “INi or INH “SING 
C—NH c—o C==N 

i] I! 

O 2 NH le OH 2 


The constitution of dicyandiamidine is related to those of biuret and biguanide. 
As the nickel and copper complexes of the base are yellow and rose-red respectively, 
resembling the corresponding biguanide complexes, the structure of the former should 
be represented by a configuration similar to those of the fatter, as shown below (cf. 
Ray and Saha, this Journal, 1937, 14, 670). 
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The central metal atom is thus linked both by the primary and secondary valencies 
to nitrogen atoms as in the biguanide complexes. ‘This configuration is therefore 
preferable to those previously referred to. It was therefore expected that the complex 
metal dicyandiamidine bases, like their biguanide analogues, may give rise to salts with 
acids. As mentioned above, only the copper, nickel and palladium dicyandiamidine 
bases have been described by earlier workers. 

The preparation of the compound of tervalent cobalt with dicyandiamidine and of the 
complex salts of dicyandiamidine with bivalent copper and palladium has been described 
in the present paper. 

The sulphate and chloride of copper dicyandiamidine were obtained as violet crystals, 
soluble in hot water but decomposed by acids. Like all other cupric complexes they 
have been found to be paramagnetic. All attempts to prepare the corresponding salts 
of the nickel complex, however, ended in failure, indicating that the complex nickel 
base is too weak to form any stable salt. 

Cobaltic tris-dicyandiamidine forms scarlet-red crystals having the composition 
Co(Dy),, where Dy=C,H,;N,O0. The compound was, as usual, found to be diamagnetic. 

Palladium dicyandiamidine chloride was obtained as a light yellow product. As 
the compound was found to be diamagnetic, it should be represented by a planar struc- 
ture with dsp? hybrid bonds. 

Being a weak base, dicyandiamidine forms, like ammonia, an insoluble white preci- 
pitate with an excess of mercuric chloride. 

Recently Curd, Davy and Richardson (J. Chem. Soc., 1949, 1732) as well as Kundu 
and Ray (this Journal, 1952, 29, 811) have described quite a large number of substituted 
dicyandiamidines. It was therefore considered to be of some interest to study the for- 
mation of metallic complexes with some of these products. To begin with, phenyl-. 
dicyandiamidine, which can be readily prepared, has been selected for the purpose. 
This, however, exists in two isomeric forms (I and II) according as the carbonyl group 
is adjacent to or away from the phenyl radical. 

C,]H,;,—NH—C—NH—C—NH, and C,.H;—NH—C—NH—C—NH, 
il lI Ml ] 
O NH NH D 


(I) (II) 


Kundu and Ray have, however, shown that phenyldicyandiamidine of the type (I) faiis 
to give any characteristic complex compounds with nickel, copper, palladium, etc. 
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Hence, phenyldicyandiamidine of the type (II) was prepared and used for the purpose 
of the present work. 


The complex copper and nickel bases of the ligand and their chloride with sulphate, 
the complex palladium base and its chloride, as well as the cobaltic tris-phenyldicyandi- 
amidine have been described in the present paper. 


Like dicyandiamidine, phenyldicyandiamidine also reacts with an excess of mercuric 
chloride to give an insoluble white precipitate, 


Measurement of magnetic susceptibilities of the compounds, described in this paper, 
was also made with a view to elucidating their structure. The results are shown in Table I. 

From a consideration of the moment values, as well as of the colour of the substances, 
it may be concluded that the complex nickel, palladium and cobalt (ic) bases belong to 
the penetration type with hybrid planar dsp*® bonds for nickel and palladium, and octahed- 
ral d*sp* bonds for tervalent cobalt. On the other hand, while the chloride of palladium 
bis-dicyandiamidine and of palladium bis-phenyldicyandiamidine are diamagnetic and 
should be represented by a planar configuration, the chloride and sulphate of nickel 
phenyldicyandiamidine, which are green and paraimagnetic like the simple nickel salts, 
are obviously complexes of the ionic or ion-dipole type. In this, the latter differ from 
their corresponding biguanide compounds. 


EXPERIMENTAL 


Copper dicyandiamidine sulphate was obtained as a red-violet crystalline precipi- 
tate from an ammoniacal solution of copper sulphate and dicyandiamidine sulphate. 
The substance is fairly soluble in hot water. On treatment with dilute caustic alkalies 
it forms the complex base, copper bis-dicyandiamidine. {Found: Cu, 16.33; N, 28.54; 
SO,, 24-56. [Cu(C.H;N,O),] SO,, 1.5 H,O requires Cu, 16.34; N, 28.82; SO,, 24.71 
per cent}. 

* Copper dicyandiamidine chloride was prepared by double decomposition between 
copper dicyandiamidine sulphate and barium chloride in hot aqueous solution. The 
filtrate from BaSO, on evaporation in vacuo gave reddish violet crystals of the complex 
chloride. {Found: Cu, 18.87; N, 33.35; Cl, 21-07. [Cu(C,H,N,O),]Cl, requires Cu, 
18.88; N, 33.29; Cl, 21.11 per cent}. 

Palladium dicyandiamidine chloride was prepared by treating an aqueous sus- 
pension of palladium bis-dicyandiamidin: with 2N-HCI till the solution became almost 
neutral. On evaporating the solution, the complex chloride separated out in the form 
of light yellow crystals. These were washed with cold water and dried as usual. 
{Found: Pd, 27.38; N, 28.87; Cl, 18.28. {Pd(C,H;N,O0),]Cl,, 0.5 H,O requires Pd, 
27.45; N, 28.81; Cl, 18.27 per cent} 

Cobaltic tris-Dicyandiamidine.—A solution of hexammine cobaltic chloride {1 mol.) 
and dicyandiainidine sulphate {1.5 mol.) was heated with a solution of caustic soda 
(7.5 mol.) on the water-bath till the colour changed from orange-yellow to deep red with 
evolution of ammonia. The solution was then quickly filtered and the filtrate allowed 
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to cool slowly, when scarlet crystals of tris-dicyandiamidine separated out. ‘The crystals 
were washed with little cold water and dried in air. {Found: Co, 16.20; N, 46.70. 
[Co(C,H;N,O),] requires Co, 16.28; N, 46.41 per cent}. 

Copper bis-Phenyldicyandiamidine.—The chloride and sulphate of phenyldicyandi- 
amidine base were prepared by heating phenyldicyandiamidine (Curd and Rose, J. 
Chem. Soc., 1946, 729) with hydrochloric and sulphuric acid (N/2) solutions respectively. 
The products were purified by two successive recrystallisations from hot water. 

The complex copper base was prepared from an ammoniacal solution of copper 
sulphate and phenyldicyandiamidine chloride. The substance was obtained in the 
form of a violet crystalline precipitate. [Found: Cu, 15.14; N, 26.84. Cu(C,H,N,O), 
requires Cu, 15.22; N, 26.83 per cent]. 

Copper Phenyldicyandiamidine Chloride.—When freshly precipitated copper 
hydroxide was digested with an excess of phenyldicyandiamidine hydrochloride solution 
on the water-bath, a light blue solution was obtained. ‘This was filtered and the filtrate, 
on evaporation, gave light blue crystals of the chloride of the complex copper base. 
These were washed and dried as usual. {Found: Cu, 12.87; N, 23.06; Cl, 14.37. 
[Cu(C,H,N.O).] Cl, requires Cu, 13.0; N, 22.93; Cl, 14.54 per cent}. 

Copper phenyldicyandiamidine sulphate was prepared like the corresponding 
chloride from copper hydroxide and phenyldicyandiamidine sulphate. The substance 
forms sparingly soluble light blue crystals. {Found: Cu, 12.53; N, 22.55; SO,, 18.34. 
[Cu(C,H,N,O),]SO, requires Cu, 12.37; N, 21.81; SO,, 18.69 per cent}. 

Nickel bis-phenyldicyandiamidine was prepared like the corresponding complex 
copper base from ammoniacal solution of nickel sulphate and phenyldicyandiamidine 
hydrochloride. The substance forms orange-yellow crystals, sparingly soluble in cold 
water and liberates ammonia from solutions of ammonium salts on warming. Warm 
dilute alkali changes it into Ni (OH),. It is therefore much less stable than the complex 
nickel dicyandiamidine base. {Found: Ni, 13.69; N, 26.08; H,O (by loss at 110°),4.16. 
[Ni (C,H,N,O),]H,0 requires Ni, 13.56; N, 25.88; H,O, 4.17 per cent}. 

Nickel phenyldicyandiamidine chloride was prepared from freshly precipitated 
nickel hydroxide and phenyldicyandiamidine hydrochloride solution like the correspond- 
ing copper compound. It forms green crystals, soluble in water {Found: Ni, 9.91; 
N, 18.96; Cl, 11.96; H,O (loss at 110°), 19.95. [Ni (C,H,N,V).] Cl,, 6H,O requires 
Ni, 9.95; N, 18.92; Cl, 11.y9; H.O, 20.70 per cent}. 

Nickel phenyldicyandiamidine sulphate was prepared from nickel hydroxide and 
phenyldicyandiamidine sulphate lik, the corresponding chloride. It forms light green 
crystals, soluble in cold water. {Found: Ni, 11.20; N, 21.68; SO,, 18.69. [ Ni(C,H,N,0O), ]- 
SO,, 0.5H,O requires Ni, 11.33; N, 21.63; SQ,, 18.55 per cent}. 

Palladium bis-phenyldicyandiamidine was obtained as a curdy yellow precipitate 
when a solution of palladous chloride and phenyldicyandiamidine hydrochloride was 
treated with an excess of caustic soda solution. The product was washed several times 
with cold water and dried in air. It liberates ammonia from solutions of ammonium 
salts on warming and is decomposed by boiling alkali with separation of palladium 
hydroxide. {Found: Pd, 20.77; N, 22.03; H,O (loss at 110°), 10.30. [| Pd/C,H,N,O),]- 
3H,0 requires Pd, 20.72; N, 21.76; H,O, 10.49 per cent}. 
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Palladium phenyldicyandiamidine chloride was obtained as yellow crystals on 
evaporating a neutral solution of the palladium dicyandiamidine base dissolved in 
hydrochloric acid solution. {Found: Pd, 19.93; N, 21.12; Cl, 13.30. [Pd(C,;H,N,O).]Cl, 
requires Pd, 20.06; N, 21.06; Cl, 13.36 percent}. 

Phenyldicyandiamidine, like all organic bases, forms a chloropalladiate, when a 
solution of palladous chloride in water is treated with a cold concentrated solution of 
phenyldicyandiamidine hydrochloride. It forms brown crystals and is decomposed by 
alkalies with separation of palladous hydroxide. [Found: Pd, 17.26; N, 18.57; Cl, 23.82; 
(C,H,,N,V)2-PdCl, requires Pd, 17.58; N, 18.46; Cl, 23.41 per cent]. 

Cobaltic tris-phenyldicyandiamidine was prepared in the same manner as _ its 
corresponding dicyandiamidine base, described before. The substance forms red 
crystals, soluble in water, and is decomposed by acids and alkalies. {Found: Co, 9.43; 
N, 26.72; H,O (loss at rro°), 4.32. [Co (C,H,N,O),], 1.5 H,O requires Co, 9.50; N, 
26.70; H,O, 4.37 per cent}. 

Magnetic Susceptibilities—The susceptibilities of the substances were measured 
cither by Gouy’s method or by means of a modified Curie’s balance. The results are 
tabulated below. 


TABLE I 

Substance. xg 108. t. xu x 108 (corr,). Mey 

Copper dicyandiamidine sulphate (violet) 3.222 322° 1360 1.83 
Do chloride (violet) 3-633 = 1346 1.82 
Do phenyldicyandiamine (violet) 2.769 23° 134265 179 
Do J chlorode (light blue 2.372 .° 1390.8 1.82 
Do Pn sulphate (light blue) 2.355 27° 1435.6 1.86 
Nickel phenvldicyandiamidine (orange yellow) — 3.21 26° Dia 
Do chloride (light green) 5.14 27° 3334.0 2.84 
Do sulphate (light green) 5-131 ‘ 2889.0 2.64 
Cobaltic tris-dicyandiamidine —0.7297 32.2° Dia 
Do phenyldicyandiamidine — 0.6340 ne a 
Palladium dicyandiamidine chloride —0.7015 - os 
Palladium bis-phenyldicyandiamidine — 4.089 26° ~ 
Phenyldicyandiamidine palladichloride —0.9545 " Dia. 


It will be noticed that all the palladjum compounds show diamagnetic susceptibili- 
ties; all the copper compounds give moment values that lie between 1.79 and 1.86us. 
Hence, it might be concluded, as stated before, that these compounds belong to the 
type of inner-metallic penetration complex with planar dsp* hybrid bonds. The colour 
of the compounds, also seems to support the conclusion. In the case of nickel 
compounds, nickel dicyandiamidine and nickel phenyldicyandiamidine, which are 
yellow, both show diamagnetic susceptibility; whereas nickel phenyldicyandiamidine 
chloride and sulphate, which are light green like the simple nickel salts, give moment 
values of 2.81 and 2.64» respectively, indicating the presence of two unpaired electrons 
as in the nickel ion. These two salts should therefore be regarded as belonging to 
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the associated type of complexes with ion-dipole bonds. The two diamagnetic nickel 
bases of yellow colour, on the other hand, represent, like the corresponding palladium 
compounds, penetration complexes of the inner-metallic type. Thus, in the formation 
of its complex phenyldicyandiamidine salts the nickel atom differs from palladium and 
possibly also from copper. This seems to suggest that the type of co-ordination or 
chemical linkage changes with the pa values of the medium in the case of copper and 
nickel dicyandiamidine complexes. As is to be expected, both the cobaltic complexes 
are diamagnetic; they therefore belong to the type of inner-metallic penetration com- 
plexes with octahedral d*sp* hybrid bonds. 

Our thanks are due to Mr. N. N. Ghosh for his assistence during the course of 
this work. 
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INVESTIGATIONS ON THE ANALYSIS OF MIXED OXIDES OF THE 
ELEMENTS OF GROUP Va AND IVa. PART I. PREPARATION OF 
PURE TANTALUM AND NIOBIUM PENTOXIDE FROM INDIAN 
COLUMBITE AND THEIR ANALYTICAL SEPARATION 


By H. BHATTACHARYA 


A method for obtaining pure pentoxides of tantalum and niobium, spectroscopically free from each 
other and titanium, from Indian Columbite has been described. Conditions for the complete precipita- 
tion of tantalum and niobium from oxalate solutions at different pH with tannin has been studied 
It has been found that at pH 4.0 and 2% ammonium oxalate solution tantalum can be separated from 
niobium in one precipitation with tannin if the ratio of TagO; and Nb,O; is 6 or higher, and in the case 
of lower-ratios, with a second precipitation. 


The elements niobium (columbium) and tantalum are consistently associated 
together in their minerals, and their separation has proved an extremely difficult task for 
remarkably close resemblances in their chemcal properties and also the modification of 
the properties of one by the presence of the other. The frequent co-existence of titanium 
in their ores introduces additional difficulties to the problein. 


The first successful method was due to Marignac (Compt. rend., 1866, 8, 5; 9, 240). 
Hé took recourse to the fractional crystallisation of K,TaF,; and K,NbOF;. ‘These 
two salts are not isomorphous and the solubility of K,TaF, is 1 in 120 parts of water, 
whereas that of the other is 1in 12. ‘This method, however, is not free from criticism. 
As Merrill (J. Amer. Chem. Soc., 1921, 48, 2378) has pointed out, it is very difficult to 
maintain the narrow specified limits of the concentrations of HF and KF necessary to 
get different types of salts. If the acidity is too great, Nb forms K,NbF;, and if it is 
low, Ta may form K,TaOF;. Hauser and Lewite (Z. angew. Chem., 1912, 25, 100) 
remarked that the method was only accurate with a larger quantity (20-25 g.) of the 
mineral. Besides all these defects, the method is much handicapped because it requires 
the use of several platinum or gold basins. Several modifications of Marignac’s method 
have been proposed, but these have little advantage over the original one e.g., Ruff and 
Schiller (Z. anorg. Chem., 1911, 72, 239) and Meimberg and Winzer (Z. angew. Chem., 
1913, 26, 157). 

The method, based on the reduction of only Nb,O,; to NbO, by hydrogen, originally 
proposed by Ruff and ‘Thomas (Z. anorg. Chem., 1926, 156, 213) was studied in detail 
by Krishuaswami and Suryanarayan Murthi (J. Ind. Inst. Sci., 1935, 18A, 69). They 
found that heating for 1 hour at Soo° and cooling in hydrogen stream gave results 
correct within 1.5%. 


A volumetric method of determination of Nb in presence of Ta has also been tried. 
It is based on the fact that niobic acid only is reduced in acid solution by zinc or zinc 
amalgam, tantalic acid remaining unaffacted. Most of the methods proposed by different 
workers (Osborne, Amer. J. Sci., 1885, 30, 328; Metzer and Taylor, Z. anorg. Chem., 
19v9, 62, 385; Levy, Analyst, 1915, 40, 204; Treadwell, Helv. Chim. Acta, 1922, 
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5, 806; Analyst, 1922, 47, 533) donotgive complete reduction to the tervalent state. 
Cunningham (Ind. Eng. Chem. Anal. Ed., 1938, 10, 233) obtained complete reduction 
to the tervalent state by adding known amounts of TiO, before fusion and later reduction 
with zinc amalgam in Jone’s reductor. Knowles and Lundell (J. Res. Nat. Bur. Stand., 
1949, 42, 405) have reported the complete reduction to the tervalent state without the 
addition of titanium. 

Colorimetric method has also been tried for the adove determination. Meimberg 
(Z. angew. Chem., 1913, 26, 83) showed that double fluoride of Nb could be reduced 
by Sn aud HCl to coloured products, tantalum fluoride remaining unaffected. Platonov 
and Krivoshlykov (Trudy Ves. Kon. Anal. Khim., 1943, 2, 359) obtained a yellow colora- 
tion with pyrogailol in ammonium oxalate solution of Ta in a slightly acid medium and 
of Nb ina slightly alkaline medium. 


No specific organic reagents have been proposed for their separation. Tannin was 
first used by Schoeller and Powell (Analyst, 1925, 50, 485) for the purpose. They 
showed that tannin precipitated Ta from a slightly acdified solution of oxalo-tantalic 
acid more readily than Nb from oxalo-niobic acid. His method depends on fractional 
precipitation of tantalum with tannin. The method does not require the use of gold or 
platinum vessels. It is easy to get the pentoxides from the tannin precipitate by simple 
ignition. However, the method is time-consuming and tedious. Several fractionations 
are necessary. Apart from these tedium, for the adjustment of the acidity which is the 
most important part of the operation, one has to depend on the colour of the precipitates. 
Thirdly, as regards the final fractionation the authors says, “is a matter for the 
operator's judgment, which must be based on each occasion on the colour as much as on 
the weight of the intermediate fractions to be treated’’ (Schoeller, ‘‘Analytical 
Chemistry of Tantalum and Niobium”, 1937, p. 127). The presence of titanium “‘unless 
minute, discoloured the otherwise yellow tantalum precipitate sufficiently to deprive 
the tannin method of its vital feature, viz., control of the separation by the colour 


changes”’ (Schoeller, loc. cit.). 


Several modifications of the Schoeller’s tannin method have been proposed. Wirtz 
(Z. anal. Chem., 1939, 117, 6) for the adjustment of the acidity used Bromophenol 
blue as an indicator and to avoid fractionation precipitated the whole of Ta with a little 
Nb with tannin from ammonium oxalate solution. The amount of Nb in the precipitate 
was then determined by Metzer and Taylor’s volumetric method (loc. cit.). By 
deducting the amount of Nb co-precipitated with Ta from the weight of the precipitated 
oxides, the amount of Ta can be determined. Wirtz (Joc. cit.) did not mention any 
definite pu for the separation, but recommended the determination by actual experiments 
with pure oxides the particular shade of the indicator when separation was best 
effected. Later Wirtz (ibid, 1943, 122, 88) modified his process and recommended 
bu 1-9 for the separation. ‘The determination of the px should be very accurately done 
with hydrogen electrode. Charlot and Bezier ‘“‘Methodes Modernes D’ Analyse Quanti- 
tative Menerals’’, 2nd Ed., 1943, p. 513) recommend px 2 2 for the separation. ‘The 
workers differed not only in their recommendation of pa for carrying out the 
separation but also in the concentration of ammonium oxalate of the solution. ‘The 
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ammonium oxalate concentration of Schoeller varied from about 2-2.5%, Wirtz used 
1.25% and Charlot and Bezier recommended 1.6%. 


Britton and Robinson (J. Chem. Soc., 1933, 419) from a study of the complex 
oxalates of Ta and Nb came to the conclusion that pH had no effect on the precipitation 
of Ta with tannin by Schoeller’s method. From a comparison of electrical conductances 
of the alkali niobo- and tantalo-oxalates in solution with those of the alkali hydrogen 
oxalates, determined under the same conditions, Russ (cf. Demargay, Compt. rend., 
1885, 100, 740) found thatthe salts were hydrolysed in aqueous solution and that their 
tanions contained a complex niobo- and tantalo-oxalate radical. He also found that 
tantalo-oxalate was less stable than niobo-oxalate. The hydrolysis of the known series 
of niobo- and tantalo-oxalates may be represented by the following equations : 


R§[Nb(C0,).]3-+4H,O 7” 3R*+3C,0,” +Nb(OH), + 3H* 
K3[Ta(C,0,),]®-+5H,O 7” sK* + 5C.0,"+Ta(OH); + 5H* 


This equilibrium will be disturbed if the concentration of any one or more of the 
products of hydrolysis is changed. The addition of H* and C,O," will shift the equili- 
brium towards the left and thus stabilise the complex, whilst the removal of C,0,’ by 
adding Ca-salt, of H* by adding of OH’ or of Ta{OH), and Nb (OH); by adding tannin 
will tend to break up the complex. Thus, it is clear that both the concentrations of 
H* and C,0,” should be considered for precipitating completely tantalum or niobium 
with tannin. 


Besides the relative stabilities of the two oxalato complexes, the relative solubilities 
of the tannin precipitates in oxalic acid should also be considered. The red Nb precipi- 
tate is readily soluble in oxalic acid giving a colorless solution, whereas the Ta pre- 
cipitate dissolves only at a much higher acid concentration. 


It is evident from what has already been said that both the p, of the solution and the 
concentration of ammonium oxalate present should be considered together for the 
successful separation of the two metals by the tannin method. A systematic investi- 
gation into this aspect of the problem forms the subject matter of the present communi- 
cation. It has been found that for the complete precipitation of Ta with tannin the px 
must be 4.0. Niobium is not precipitated at p 4.0, precipitation occurs at px 4.2 and 
is complete at 4.4. The concentration of ammonium oxalate in the solution has been found 
to be 2% for the successful separation. ‘he optimum condition for the separation 
has thus been found to be fx 4.0 and 2% ammonium oxalate. Experiments have then 
been carried out with mixtures of Ta,O; and Nb,O; ‘100: 1 to 1: 50) under the above 
conditions and a complete separation was obtained. If the ratio of Ta,O;: Nb,O; is 6:1 or 
higher, a single precipitation will suffice and in other cases a second precipitation is 
necessary. ‘The time taken for complete analysis of any mixture is only one or two days. 

The method recommended by Charlot and Bezier (loc. cit.) was examined and 
found to give low results (Table 1V). 

The present method has been very kindly verified by Prof. G. Charlot in his labora- 
tory and found to be satisfactory. 
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For the purpose of the present investigation pure pentoxides of Nb and Ta were 
extracted from Indian (Jhajha) columbite. The mixed impure oxide of Ta and Nb 
was extracted from the mineral, purified and separated into K,TaF, and K,NbOF, and 
K,NbOF; according to the procedure of Raymond and Romer (Compt. rend., 1941, 210, 
641). K,TaF, was purified by recrystallisations from dilute HF solution and converted 
into pentoxide. The oxide thus obtained was spectroscopically free from Nb and Ti. 


The purification of K,NbOF; was done finally by repeated crystallisations of 
potassium Niobo-oxalate. Niobium pentoxide thus obtained was spectroscopically free 


from Tiand Ta. 
EXPERIMENTAL 


Preparation of Pare Ta,O; and Nb,O,; from Jhajha Columbite: Extraction of 
Impure Oxide.—The mineral was first ground very finely (100 mesh) in an agate mortar. 
The ground mineral (100 g. portions) was then mixed with 400 g. of KHSO, and 2-3 
c.c. of concentrated H,SO, in a porcelain evaporating basin (6” dia.), covered witha 
clock glass and heated in a muffle furnace for half an hour at 650°. During that time 
complete fusion took place and the liquid became ‘very deep red in colour. After 
the fusion the basin was allowed to cool in the furnace and then taken out. The colour 
of the cooled mass was very light yellow. It could be easily taken out of the basin 
and was finely ground in a porcelain mortar and washed with boiling tap water in 
3-litre beakers for 2-3 times. During this operation the whole mass completely disintegra- 
ted and most of the Fe, Mun and K.SO, were removed. Theuw it was treated with hot 
2N-HCt for several times to remove the remaining portions of Fe, Mn and some Ti. 
The residue left was then washed with water containing NH,CI till free from SO,". 
Finally it was washed with distitled water and dried. ‘The colour of the product was 
light yellow. 

The product thus obtained was fused with chemically pure K,CO, in a 250 c.c. 
platinum basin. For the fusion 20 g. portions of the impure oxide were mixed with 
120g. of K,CO, and heated in a muffle furnace at about 500° till the fusion was com- 
plete (2-3 hours). The cooled mass was dissolved in water, filtered and the filtrate was 
treated with saturated solution of sodium chloride whereby insoluble sodium tantalate 
and niobate were precipitated. This was allowed to settle and washed first by decanta- 
tion with sodium chloride solution and filtered. The precipitate was washed with 
water and dried. 

The sodium salts thus obtained were then dissolved in small portions in boiling 
water and treated with 1:1 HCl till the solution was acidic. The excess acid was 
neutralised with ammonia, boiled and the precipitate was allowed to settle. The 
precipitate was first washed by decantation with 2% NH,NU, solution to prevent pep- 
tisation till free from Cl’ and then with water, filtered and dried. 


Separation of Niobium and Tantalum.—Portions of the oxide (18 g.) were treated 
with 18 c.c. pure HF and 50 c.c. water in a platinum basin and heated on an electric 
heater till the oxide dissolved. The solution was then filtered in a rubber or gutta- 
percha funnel. The filtrate was treated with 4 g. of KHF, in 50 c.c. water and the 
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mixture was heated on a water-bath till the volume was roo c.c. It was then cooled 
in ice and filtered. The first crop of crystals thus obtained was of K,TaF,. It was 
washed with cold water and dried. The filtrate from the above was mixed with 12 g. 
KHF,, boiled, cooled in ice and filtered. This crop consisted of K,NbOF;. It was 
washed with cold water and dried. 

Purification of K,TaF,.—The product was examined for Ti and found to contain 
1.8% TiO,. For the purification it was subjected to recrystallisation from dilute HF 
solution. The double fluoride (20 g.) was dissolved in 150 c.c. water and 5¢.c. HF 
by heating. The solution was then filtered, the filtrate cooled in ice and again filtered. 
The crystals were washed with cold water containing a little HF and dried. Thus 
purified K,TaF, was spectroscopically examined and found to contain Ti (TiO,, 0.1%) 
and Nb as impurities. The double fluoride was again twice recrystallised from dilute 
HF solution. The product thus obtained was found by spectroscopic examination to 
be free from ‘Ti and Nb. 

Preparation of Ta,O; from K,TaF,.—The double fluoride was taken ina platinum 
basin and treated with 1:1 H,SO, and siowly heated to strong fuming, cooled, treated 
with water and again heated to strong fuming. ‘This operation was repeated for 
a third time. The product was then boiled with water, made ammoniacal and 
the precipitated hydroxide was washed by decantation with 2% NH,Cl solution till 
free from SO,”, washed several times with water and filtered. The precipitate 
was dried and ignited ina platinum crucible. This oxide was then spectroscopically 
examined and found free from Nb and Ti. 

Purification of K,.NbOF;.—Examined spectroscopically and found Ti (0.85% TiO,), 
Zr (trace), Na, K, Fe and Ta as impurities. For purification the following methods 
were tried. 

(a) Recrystallisation: The portions (40 g.) of the oxy-fluoride were mixed with 
150 c.c. water and2c.c. HF and heated to boiling in a platinum basin and allowed 
to crystallise by cooling slowly. The crystals obtained from the solution was examined 
under the microscope. When the crystals were free from needle-shaped crystals of 
K,TaF;,, the solution was filtered rapidly under suction and the filtrate was collected 
in another platinum basin. It was then cooled in ice, filtered and the crystals washed 
with cold water and absolute alcohol, and found to contain 0.75% TiO». 

(b) Demargay’s Method (Compt. rend., 1885, 100, 740): K,NbOF; (10 g.) was 
dissolved in 250c.c. water and ammonia was added till the solution was nearly 
neutralised. The precipitated niobic acid was filtered and washed with 2% NH,Cl 
solution. The precipitate was dissolved in HF and’ the precipitation with ammonia, 
washing and solution in HF were carried out for 6times. The precipitates obtained 
in the 4th and 6th precipitation were examined for Ti and found to contain 0.11% TiO, 
in both of them. By this method the amount of TiO, was reduced from 0.75% to 0.11% 
in the 4th precipitation but no further reduction was possible. 

(c) Raymond and Romer’s Method (loc. cit.): K,NbOF; (5 g.) was dissolved 
in 200 c.c. water and NH,WH was added in excess to precipitate the niobic 
acid. The precipitate was filtered and washed with 2% NH,Cl for several 
times. It was then dissolved in H,O, and H,SO, and treated with sulphurous acid 
g—1801P—11 
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whereby niobic acid was precipitated. These operations were carried out for four times. 
The final precipitate was washed, dried and ignited. The amount of Ti in it was 
determined and found to be 0.88% TiO,. 


(d) Muller’s Method (J. Amer. Chem. Soc., tot1, 88, 1506): Nb,O; (0.2 g.) 
containing 0.15% TiO, was fused with 6 g. K,CO, in a platinum crucible and the mass 
was dissolved in water and boiled with 15 g. salicylic acid for 4 hours. ‘The precipitate 
was washed, ignited and retreated once more. The final ignited oxide was analysed 
for ‘Ti and found to contain 0.12% ‘TiOs. 

(e} Recrystallisation of Potassium Niobo-oxalate: The portions of the oxy- 
fluoride (20g.) were dissolved in water and precipitated with NH,OH. The niobic 
acid was filtered and washed with water. It was then dissolved in 28 g. oxalic acid 
and the solution was treated with 12.4 g. KOH in 50c.c. water. The solution was 
then concentrated to 50 c.c., cooled and a small crystal of potassium niobo-oxalate was 
put into it. ‘he crystals of the double oxalate which formed at once were filtered and 
washed thrice with cold water containing alcohol and then with absolute alcohol. 
For recrystallisation 15 g. of the double oxalate were dissolved in 50 c.c. water and the 
solution was concentrated to about 15 c.c. and cooled to the ordinary temperature and 
kept overnight. It was filtered next morning, washed twice with water and then 
with absolute alcohol. The product obtained from the third recrystallisation was 
examined spectroscopically and found free from Ti. 


Preparation of pure Nb,O; from Potassium Niobo-oxalate.—For the preparation 
of niobium pentoxide the double oxalate was dissolved in water and boiled with NH,OH 
when niobium hydroxide was precipitated. It was filtered and washed several times 
with 2% NH,Cl solution. Then it was washed with water, dried and ignited in a 
platinum crucible. ‘The oxide thus obtained was examined spectroscopically and found 
free from Ta and Ti. 


Separation of Tantalic and Niobic Acids 


Reagents used were potassium bisulphate (guaranteed reagent, E. Merck), ammo- 
nium oxalate (Analar, 4% stock solution, filtered just before use), ammonium chloride 
‘Analar, 20% stock solution, filtered just before use), tannin (guaranteed reagent, 
E. Merck), ammonia (Analar, 1:1 solution), wash liquor for tannin precipitates—hot 
2% ammonium chloride solution ; Bromophenol blue indicator, 0.1%. 


Standard Tantalum Solution .—About 0.5—1.0 g. of pure Ta.O; was transferred to 
a tall (30 ¢c.c.) silica crucible in which 8-10 g. of KHSO, was previously fused 
and heated till vapours of SO, evolved. The crucible was then at first very cautiously 
heated in a Bunsen flame and great care was taken to prevent the loss of fused mass 
from frothing. When the frothing subsided the crucible was strongly heated in a 
blowpipe flame till the oxide completely dissolved. It was then allowed to cool and 
the fused mass extracted by boiling in a beaker with 15 g. ammonium oxalate and 1 c.c. 
concentrated H,SO, in 150 c.c. water. After the fused mass had dissolved the crucible 
with the lid was washed with water and taken out and the cooled solution was filtered 
into a 500 c.c. measuring flask. Thetesidue, if any, was ignited and fused with 1 g. 
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fused KHSO, in the manner mentioned above and extracted with 5 g. ammonium oxalate 
and o.§c.c. H,SO, in 50 c.c. water and filtered into the volumetric flask. The volume 
was then made up to the mark with water. 


The standard niobium solution was prepared just like the standard tantalum solution. 


Determination of the Optimum Condition for the Complete Precipitation of 
Tantalum and Niobium with Tannin 


In a 600 c.c. pyrex beaker, covered with aclock glass, was taken a known volume 
of the standard Ta-solution or Nb- solution and to it was added the required volume 
of 4% ammonium oxalate solution and the volume was made up to 300 c.c. 
with water. The px of the solution was adjusted by adding H,SO, (1:1) or NH,OH 
{r:1), as the case required and comparing the colour of the solution with that 
of the standard Bromophenol blue colour disc. in the Lovibond comparator. The 
solution was then heated to boiling when 25 c.c. of a freshiy prepared 2% tannin 
solution followed by 50 c. c. 20% NH,CI solution and 20 c.c. water were added. Sul- 
phur-yellow tantalum or red niobium precipitate appeared which was then boiled for 2-3 
minutes. The precipitate was then filtered in a 12.5 cm. filter paper (Whatman No. 42), 
washed with hot 2% NH,C1 solution till free from SO,”’, dried, ignited and weighed in a 
silica crucible. The results for tantalum and niobium are given in Tables | and II 
respectively. 


TABLE I 


Precipitation of tantalum with tannin, 


Expt. Ta soln. Conc. of pu TagO, taken. Ta,O, Error. 

No. Am. cxalate found. 
in soln. 

I 25 cc. 0.5% 3.6 0.04352 g- 0.04290 g. — 0.00062 

2 ” » 3-8 - 0.04318 — 0.00034 

3 9° 89 4.0 9° 0.04352 —0O 00000 

4 9° 1.0 3.6 a 0.04148 — 0.00204 

5 te 7 3.8 ™ 0.04300 — 0.00952 

6 ii 5 4.0 od 0.04382 +0.00030 

7 .- 2.0 3.4 a 0.02960 — 0.01392 

8 ” ~ 3.8 - 0.04078 — 0.00274 

] ” ” 4.0 0.02990 0.02986 —0.00604 

10 50 re 4.0. 0.05981 0.05960 +0.00021 

11 25 2.5 4.0 0.04352 0.04310 —0.00042 


12 ” ” 4.2 o 0.04318 —0.06034 
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TABLE II 


Precipitation of niobium with tannin. 


Expt. Nb soln. Conc. of Nb,O; Nb,O; 
No Am. oxalate pu. taken. found. Error. 
in soln. 
I 10 ¢.c. 0.5 % 4.0 0.01882 g. Pptn. occurs Not weighed 
2 10 1.0 4.0 a No, ppt. 
3 25 ha 42 0 04706 0.04048 g. — 0300658 
4 10 - 4.4 © 01882 0.01897 +0.00015 
5 25 ne 4.4 0.04706 0.04736 +0.00030 
6 10 2.0 4.0 0.01882 No. Ppt. -- 
7 25 » 4.2 © 04706 0.02920 — 0.01780 
8 10 ¥ 4-4 0.01882 0.01899 +0.00017 
9 25 - 4-6 0.04706 0 04716 +0,.00010 


From a perusal of the results, it is evident that the best separation will occur at PH 4.0 
using a 2% solution of ammonium oxalate. Experiments were’ then carried out with 
mixtures of Ta,0, and Nb,O,; under these conditions. 


Separation of Niobic and Tantalic Acids in a Mixture 


The mixed oxides (about 0.1 g.) were fused with § g. of fused KHSO, and extrac- 
ted with 8 g. of ammonium oxalate in 100 c. c. water containing 1 c. c. conc. H,SQ,. 
The solution was cooled and diluted to 350 c.c. with water, 3.5 c.c. of 0.1% Bromo- 
phenol blue indicator solution added and the pu adjusted to 4.0 with Lovibond comparator 
by adding NH,OH (1:1) or dilute H.SO, as the case may require. To the solution was 
added 10 g. NH,CI in 25 c.c. water and boiled. The boiling solution was treated with 
25 c. c. of 2% freshly prepared tannin solution with stirring, and boiling was continued 
for 2 minutes more. The precipitate was allowed to settle, filtered and washed with hot 
2% NH.,Cl, ignited, leached with dilute HCl and weighed in a platinum crucible after 
removal of SiO, with H,SO, and HF. Nb,O,; was determined from the filtrate by preci- 
pitation with tannin and ammonia. The colour of the ignited and cooled Nb,O; should be 
white. Discoloration indicated the presence of Fe (as impurity). In that case the latter 
was removed by fusion with KHSQ,, extraction with 10% tartaric acid and passing H,S 
through the ammoniacal solution and filtering. ‘The filtrate was acidified with concen- 
trated H,SU,, boiled and filtered. It was then cooled and Nb precipitated with cupferon, 
allowed to settle, washed with N-HCI, ignited carefully and weighed (Nb,O,). The 
results are shown in Table III. 
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Separation of Nb and Ta at pu 4.0 and 2% Am. oxalate soln. 


Expt. Ta,O; Nb,O; Ta,O; : No of Ta,O; Error. Nb,O; Error. 
No. taken. taken. Nb,Os. pptn. found. found. 
I 0.02990 g. 002502 g. gcse 0.02970 g- —0.00020 0.02509 g- +9.00007 
2 oa 0.05038 I:2 2 0 03017 +0.€0027 0.04996 —0 00042 
3 0.60598 0.05038 1:8 2 © 00603 +0.00005 0.05005 — 0.00035 
4 0 01204 vos 1:4 2 — _ 0.04992 —c.00046 
5 0.00216 0.04830 1:24 2 0.00222 +0.00006 0.04788 —0.00042 
6 0.00108 * 1:50 2 0.00107 — 0.00001 0.04844 +0 00014 
7 0.05981 0 01008 6:1 2 0.C6020 +0 00039 -- + 
8 0.05981 wr bE. I 0.05096, — 0.00020 0.009995 — 0.00013 
9 0.05981 0.00504 12:1 I 0.05960 —0.60021 0.00542 -+-0.00038 
10 ES 0.00201 30:1 I 0.06000 +0.00019 0.00254 +0.C0043 
II bs 0.COIOI 60:1 I 0.05944 — 0.00037 0.00139 +0.00038 
12 0.10085 0.00101 10031 I 0.10120 +0.00035 0.00122 +0.00021 


Results of the separation of niobium and tantalum according to the method recom- 
mended by Charlot and Bezier (loc. cit.) are given in Table IV. 


TABLE IV 


Expt. No. Ta,O; taken. Nb,O; taken. Ta,O; found. Error 
I 0.05040 g. Nil 0.02224 g. —0 02816 
2 0.05540 Nil 0.02073 — 0.03467 
3 0.10430 0.09818 g 0.09089 — 0.01341 » 
4 0.14652 0.06638 0.13015 — 0.01637 


The author's grateful thanks are due to Prof. P. B. Sarkar, for suggesting the 
problem, for his keen interest, active guidance and for providing all laboratory facilities 
and to Prof. G. Charlot for kindly verifying the method of separation of niobium and 
tantalum in his laboratory. Thanks are also due to Dr. B. Muhherji and Mr. R. K. Dutt 
for carrying out the spectroscopic examination and Messrs. Burmah Oil Company 

! (India Concessions) Ltd., for granting him a scholarship to carry out this work. 
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RESONATING SEMIPOLAR SINGLE BOND. PART I 
By Saryip SHAMIM-AHMAD 


A number of anomalies in the present position of chemistry have been pointed out. ‘The hy- 
pothesis of the (resonating) semipolar single bond is put forward as an explanation. Anomalous 
colour, reactivity of molecular halogens, dipsle moment, conductivity and photochemical phenomena 
are shown to be explicable on the basis of the present hypothesis to which they lend strong support. 


In a previous paper (this Journal, 1945, 22, 155) the author expressed the hope 
to modify electronic theory if results were obtained contrary to predictions. A large 
number of discrepancies -have been noted in the present position of electronic theory. 
An attempt is made to exvlain some existing anomalies in theoretical chemistry on the 
basis of a single hypothesis of the (resonating) semipolar single hond, which is dis- 
tinct from Sugden’s singlet linkage (“The Parachor and Valency’’, Routledge and Sons, 
1930, p. 131). It is hoped that the hypothesis may not be unimportant as a unifying 
principle if the present attempt is successful in explaining the existing anomaties in 
chemistry. 

One of the most evident discrepancies is the anomaly in the field of colour and 
structure. It is evident that chemistry, both organic and inorganic, must be based on 
the same universal principles. It is strange then to find the organic chemist develop- 
ing his theories without any regard to the facts of inorganic chemistry. Since the 
time of Witt (Ber., 1876, 9, 522 ; 1888, 21, 325), colour has been attributed to unsaturat- 
ed groups. It has not been noted that the simplest inorganic molecules, which canuot 
be supposed to contain double bonds, are coloured and some of them coloured deeply. 


TABLE I 


Coloured inorganic molecules not containing double bonds. 


Fluorine Pale greenish yellow gas Clear yellow liquid 
Chlorine Do Amber yellow liquid 
Bromine Dark red liquid eee 
Iodine Violet vapour Blackish grey solid 
Hydrogen peroxide Bluish in thick layers 
Ozone Blue 
Hypo-halous acids Yellow coloured substances 
Binary interhalogen compounds Almost ail the interhalogen 
compounds are coloured 
Nitrogen halides Deeply coloured substances 
Alkali polyhalides . All of them coloured 


Modern theory of colour and structure can be put in the words of Pauling (Gilman, 
“Organic Chemistry”, p. 1982, John Wiley & Son’s Inc. New York, 1944), “Intense 
colour results from resonance between two equivalent structures with which a large dipole 
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moment is associated (the actual electronic transition being between resonating struc- 
tures formed fiom these)’’. Presence of conjugated systems of double bonds is generally 
supposed to be necessary for resonance to take place. Hence, if we want to retain 
resonance as the basis of colour we must postulate a new mechanism for resonance to 
be possible in single bonds. The new formulation at cnce leads us tc the idea of the 
(resonating) semipolar single bond : 

-} —> 


. —> cp*?. cc emer cyst 
Ct: C1 cent, Cn J CAST a. cD 


It may be pointed out that it is possible to explain the colour of chlorine and 
bromine as due to the same cause as that of the transitional elements, i.e. to an inter- 
change of electrons between the inner and the outer orbits. This explanation, how- 
ever, cannot hold in the case of fluorine as it cannot increase the number of electrons 
in any of the orbits. If this explanation does not apply in the case of fluorine, it is 
probable that it does not apply in other cases as well. Another mechanism may also 
be postulated : 

C1: Cl = (Cl)* (Cl:)- = Cl: Cl = (C1:}" (Ch)* 
This form may be possible ; but the probability of the two electrons being appro- 
priated by one chlorine atom against the strong attraction of the other is rather remote 
though it is known that in some addition reactions positive bromine, Br* leads the 
attack ‘Pauling “‘Nature of the Chemical Bond’’,p. 42). Hence the previous 
form appears more probable. 


This concept of the ‘resonating) semipolar single bond is similar to the principle 
involved in the formation of the semipolar doubie bond. It is supposed that one of 
the two electrons constituting a single bond is so far polarised as to be completely 
appropriated by one ofthe atoms. As both the atoms are of similar electron attracting 
nature, resonance sets in. This resonance is responsible for the appearance of colour. 
The reason why we are familiar with so many cases of resonance in double bonds 
while the resonance of single bond has not attracted any attraction may be attributed 
to the greater polarisability of the double bonds. Only strong influences can semi- 
polarise a single bond. Such influences may either be strongly electronegative elements 
or electropositive metals. 


A distinction must be drawn between the present hypothesis and Sugden’s singlet 
linkages. In Sugden’s hypothesis, one electron is supposed to hold two nuclei together. 
There is no other force between the atoms. In a (resonating) semipolar single bond, 
however, there is one singlet linkage along with a half electrovalency. The difference 
between the concept of the ‘resonating! semipolar single bond and the singlet linkage 
is of the same type as between an ordinary covalent bond and a semipolar doble bond 
in which a simple covalent bond is present along with an electrovalent link : 


A.B Singlet A:B Covalent 
(a7 (Byt? (Resonating) semipolar single ‘:A)~(B)*, Semipolar double 


A number of objections can be put forward against the present formulation. One 
of the most important is the magnetic susceptibility of these molecules. It is known 
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that each unpaired electron contributes by a definite amount (1.73 Bohr magnetons) to- 
wards the paramagnetism of the molecule. It has been experimentally found that 
chlorine, bromine, etc. are diamagnetic. On the present formulation one of the elec- 
trons gets unpaired and hence this should lead to the development of paramagnetism. 
This difficulty, however, is not so formidable as it appears. In the semipolarised 


chlorine molecule (Cl)*?. (c1.)73, the chlorine negatively charged has the free electron 
which might be supposed to give rise to paramagnetism. This chlorine atom, how- 
ever, possesses eight electrons which can only be present in 2s, 2px, apy, 2pz orbitals, 
each orbital carrying two electrons with opposed spins. Hence, there is no electron 
with free spin and sothe diamagnetism of the halogens is not an argument against 
the hypothesis of the semipolar single bond 

Another objection may be that this type of bond will not be stable enough. ‘This 
may be true to some degree, and thus may explain the reactivity of the molecules 
listed in Table I. If on the other hand, this objection is meant to signify that the 
molecule may be too unstable to exist in the state postulated, then the stability of the 
molecule can easily be demonstrated qualitatively. Thus, the single electron bonds 
are supposed to be half as strong as a double electron bond (Pauling, J. Amer. Chem. 
Soc., 1931, 58, 3225). In the case of Hg ion the energy of the singlet linkage is 60,800 
cal. This value will be smaller in the case of Cl,. Besides this energy of resonance, 
there will be energy of stabilisation due to the electrostatic charges. Both these pro- 
cesses explain qualitatively the energy of the chlorine molecule which is 57.8 K. cal./ 
mole. 

The objections against Sugden’s singlet hypothesis may also be levelled against 
the present hypothesis. But as the present hypothesis is something more than a singlet 
linkage, those arguments do not apply here. 

In favour of the present hypothesis it can be said that this simple hypothesis is 
able to explain a large number of facts in chemistry which find only an indifferent 
explanation on the basis of the current ideas. Molecular rearrangements, hyperconju- 
gation, hydrogen bonds, reactivity of the compounds are some of the fields where 
it proves helpful. These and other topics will be dealt with in subsequent communica- 
tions. Some pieces of evidence may, however, be mentioned here. 


Dipole Moments of the Halogens 


In the resonating halogen molecules there is no possibility of any permanent dipole 
moment. In conformity with this it is found that gaseous halogens do not generally 
possess any permanent dipole moment. If, however, there is some molecule in proxi- 
mity with the halogen molecule which can stabilise one of the resonating forms, dipole 

“moment may appear. This behaviour has been noted in the case of solutions of the 
halogens in benzene and in liquid state. 
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Association of benzene and iodine molecules will lead to stabilisation due to the re- 
sonating forms of the benzene molecule as in A, B and C above, of one of the resonating 
structures and hence a dipole moment will result. Liquids which cannot stabilise a 
resonance hybrid e.g. hexane, will give zero dipole moment. 

The results that have been reported are contradictory at times, but the following 
values will bear out the point. 


TABLE II 


Dipoie moment of chlorine, bromine and iodine. 


Substance. Dipole Temp Medium. Reference. 
moment. range. 

Bromine 0.40 1-18° Liquid Anderson, Proc. Phys. Soc., 40, 62. 
0.49 0-53.8° Do Doborzynsiki, Z. Physik, 66, 657. 
0.00 sill eee Sack and Muller,a pud Debye, 30, 24. 
0.0 19.7-138.8° Gas Luft, Z. Physik, 84, 767. 

Iodine 1.2 25° CeHe Williams, Physikal. Z., 29, 174. 
1.0 25° ” 
0.0 25° Hexane Sack > Physikal. Z., 31, 815. 
0.0 25° cycloHexane 

Chlorine 0.23 Gas Doborzyanski, Bull. Acad. Polonalse, 


A300, 1930. 
Of all the values, only that of chlorine is abnormal. This value is may be probably the 
result of an error. 


Conductivity of the Halogens 


The molecules of halogens when dissolved in suitable solvents which can stabilise 
the resonance hybrids should show conductivity, though only to a small extent. This 
will be due to the ionisation of the dipolar complex formed, e. g. 


+6 
pepe) ASF I 8 5. OTe SS r+ ey 
+6 


This conductivity should only be shown under conditions where stabilisation of the 
charges is possible. In solutions those solvents will be most effective which can supply 
a seat for the charge on iodine. In the liquid state it may be possible, though only 
to a small extent, through association. Ionising solvents with high dielectric constants 
should be more effective than others. Ring compounds with a number of resonance 
forms can be expected to stabilise the hybrids. Ketones due to their resonating struc- 
ture should also lead to the stabilisation, and hence to electrolytic dissociation of the 
halogen molecules. All these expected modes of behaviour have been noted as will 
appear from the table below. In fact Audrieth and Birr (vide infra) have pointed out 
the anomalous nature of iodine and cyanogen iodide in pyridine, and have explained 
their observation on the hypothesis: 
PyI, = Pyl* + I' = Py** + al’ 
which is similar to the hypothesis put forward here. 


10— 1801P—11 
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Conductivity of the halogens and pseudohalogens. 


Substance. Reference. 

CNBr Glocker, Proc. Nat. Acad. Sci., 
1926, 12, 522. 

Todine Rabinovich, Z. physikal. Chem., 
1926, 119, 79. 

Bromine Do 

Br C(CN); Birkenbach and Huttner, Ber., 
1929, 62B, 153. 

Iodine Birr, Z. physikal. Chem., 1933, 
A 168, 311. 

ICN and ICI, Do 

T,and ICN Audrieth and Birr, J. Amer. 
Chem. Soc., 1933, 55, 668. 

Tz and IgCly Sondonnini and Borgello, Atti 
Accad. Lincei, 1937. 28, 46. 

Bromine Plotnikov and Mikhailovskaya, 


Mem. Inst. Chem. Sci. Ukrain, 
1938, 5, 375. 


Remarks 


At 55° the conductivity is 0.02 mho per c. c. 


Conductivity 10°? — r0~5. Indine has probably 
a mixed metallic and electrolytic conduction. 


Conductivity 10°". 


Conductivity determined in nitrobenzene. 


Conductivity measured in MegCO, MeEtCO, 
MePhCO, Ph2CO and cyclohexanone. 


InMeEtCO. Results indicate various types of 
interaction between solvent and solute. 


Conductivity in pyridine increased very rapidiy 
with time. Results explained due to the equili- 
brium: PyI, = I’ + IPy* = 21’ + Py**, 


Conductivity measured in acetic acid and 
nitrobenzene. 


Electric conductivity increases with temp 


In the gaseous state the only possibility of stabilisation of the resonance hybrid 


is at the surface of the containing vessel. 


Hence, the surface should play an important 


part in the conductivity of electricity in the gaseous state. This may explain the new light 


effect observed in halogens. 


Halogens wher irradiated with light show a fall in con- 


ductivity, whereas in other cases there is an increase in conductivity. ‘This may be 
explalned as due to the action of the ions and electrons, produced by light, with the 


stabilised resonance hybrid on the wall :- 





(c1.)7? . (cl. wy *? + cit = 2c + (W. CI)* 
W.Cl)* + e(-) = W+Cl 


where W is the substance of the wall responsible for the stabilisation of the resonance 
hybrid. ‘The adsorbed and stabilised chlorine molecule thus removes ions from 
the gas. Inthe process of removing the electrons, the stabilised resonance hybrid, 
which itself could give rise to conductivity by dissociation, is destroyed. This results 
in a fall in conductivity. 


Reactivity of the Elements 


Reactivity of the elements is another proof in support of ths proposed formulation. 
Reactivity is greatest when a new shell begins to form. As the number of electrons 
increases in the outer shell, the reactivity decreases and the covalent nature of the bond 
increases. Thus reactivity is greatest with lithium, decreases regularly through Be, 
B, C to nitrogen and should be expected to continue in this regular manner through 
oxygen and fluorine to neon, the most inert of the series, Thus, oxygen and fluorine 
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should be two of the most inert gases. Actually they are two of the most reactive ele- 
ments. This indicates that these molecules are in some special state and the covalent 
character of the link, which increased regularly before, undergoes an abrupt change. 
This is corroborated by the inertness of oxygen and fluorine in molecules where they 
are present in a covalent form. Thus ethers are inert compounds. CF,Cl, is so inert 
that it can be bubbled through molten sodiu:n without the metal tarnishing (Midgley 
and Henne, Ind. Eng. Chem., 1930, 22, 542). Amother argument in favour of the 
contention that these molecules are in some special state is provided by the fact that 
both oxygen and fluorine are coloured in the elementary condition, while they are colour- 
less in compounds where they are covalent. Moreover, oxygen is strongly paramagne- 
tic which rules out the possibility of ordinary covalent formulae. Thus, it is clear that 
the bond in elementary halogens is different from covalency. Moreover, the reactivity 
of the halogens reminds us of the reactivity of the substances like B,H, and PCI, which 
are supposed by some to contain singlet linkages. May it not be that these molecules 
contain, if not a singlet linkage, a (resonating) semipolar single bond. 


From a perusai of the list in Table I it would appear that this characteristic is 
shared by other members of the table. hus, the same mechanism can explain both 
the reactivity and colour of the molecules mentioned in the table. These two charac- 
teristics of the (resonating) semipolar single bond will be more fully treated in subsequent 
papers. 

Photochemistry 


Tmportant evidence in favour of the semipolar single bond is provided by the facts 
of photochemistry. When a diatomic molecule dissociates by absorbing light energy, 
it gives rise to two atoms one of which is electronically excited, e. g. 


I, = I+1* 


This behaviour is pointed out as a means of proving the covalent nature of the bond. 
Excitation of the atom is interpreted as being due to the tearing action of the other atom. 
This is good so far as it goes but lands us in difficulties when we take up other cases. 
Thus in HI, dissociation takes place as 

HI = H + I* 


Iodiue atom is the one excited. Ifthe nature of the electron being torn is correct, it 
should have been the hydrogen atom which got excited, as iodine being more electrone- 
gative would at once get hold of one electron and would then exert a tearing action on 
the electron belonging to the hydrogen atom. Moreover, it is strange that the electron 
which gets excited in the molecular orbital takes up just the energy required for excita- 
tion of an electron in the atomic orbital. Both these points indicate that the electrons 
which get excited to the higher atomic orbital were already present in the atomic orbital, 
having been completely appropriated by the more electronegative atom. Thus, on the 
basis of the theory of the (resonating) semipolar single bond, a different picture can be 
represented which is more in keeping with the facts. Iodine molecule has a (resonating) 
semipolar single bond. One of the electrons has been totally transferred to the atomic 
orbital (during the course of the resonance) and hence on absorbing light this electron 
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can get excited to the higher level. Dissociation takes place when the second electron 
gets sufficient energy to be raised to the atomic orbital. 

In the case of HI, the same idea removes the difficulties. When both hydrogen 
and iodine atoms combine with each other, heat is evolved and the two electrons get 
coupled. We may say that the electrons in the atomic orbital have been degraded to 
the molecular orbital. The word ‘degraded’ is used to indicate the fact that heat has 
been evolved in the process. On absorbing light two ways are open to the degraded 
electrons. Hither they can rise to higher levels amongst molecular orbitals, or else they 
may go over to the atomic orbital. The latter possibility is emphasised by the theory 
of the (resonating) semipolar single bond. In such a circumstance, the more electronega- 
tive atom will get hold of the electron. Afterwards, it may get excited to higher 
atomic orbitals. ‘The dissociation will take place when the orther electron is also raised 
from the molecular to the atomic orbital. Thus the process may be represented as 


H: 1+ bv—— (Hm) (1) 7* +nv pF. Ct ta +e 


—> 
From the various facts set forth here, it appears that the idea of the (resonating) 
semipolar single bond may not be without foundation. If generally accepted the present 
hypothesis can be employed in a number of fields some of which have been indicated 
in present paper. 
The author acknowledges with gratitude the keen interest taken in the work, en- 
couragement given and helpful criticism made by Dr. M. A. Aziz and also his indebted- 
ness to the scholarship of Mr. M. A. Wajid which was of great help to him. 
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A NOTE. ON THE CHEMICAL ESTIMATION OF HYPONITRITE, NITRITE 
AND NITRATE OF SODIUM IN THEIR ADMIXTURE 


By TRAMBAKLAL MOHANLAL OZA 


Addison, Gamlen and Thompson (J. Chem. Soc., 1952, 338) estimated spectro- 
photometrically hyponitrite, nitrite and nitrate of sodium in the admixture and referred 
to difficulty in the chemical estimation. These authors, too, like Partington and 
Shah (ibid., 1931, 2071), weighed the hyponitrite as Ag,N,O,. Oza and Walawalkar 
(J. Indian Chem. Soc., Ind. & News Ed., 1946, 9, 57) showed that solutions of sodium 
hyponitrite were stabilised by being dissolved in strong sodium hydroxide solutions. 
This is confirmed by the work of Addison et al. (loc. cit.). 

The published work of Oza and co-workers provides methods for the chemical 
estimation of hyponitrite, nitrite and nitrate of sodium in preseuce of each other. Oza 
and Walawalkar (loc: cit.) showed it to be best to estimate the hyponitrite volumet- 
rically by standard KCNS after dissolving the washed precipitate in dilute HNO,. This 
is more convenient and accurate as the precipitate has then not to be dried and 
exposed to light. Oza, Dipali and Walawalkar (J. Univ. Bomb., 1945, 14, [, 27) 
showed that 7N-H,SO, and oN-HNO, decomposed Na,N,O, completely and that 
nitrate in admixture with the hyponitrite could be satisfactorily estimated after 
decomposing the hyponitrite. If nitrite is present with the hyponitrite, it will 
also be completely decomposed and the nitrate in the mixture can therefore be 
satisfactorily estimated. Oza, Oza and Dipali (this Journal, 1951, 28, 15) have shown 
that nitrite in admixture with hyponitrite can also be satisfactorily estimated. Hy- 
ponitrite may then be calculated after the nitrite and nitrate are estimated as stated above. 
Alternatively, the hpyonitrite may also be determined, for in the mixed solution only 
the hyponitrite forms the most insoluble silver salt. If the nitrite and hyponitrite be 
precipitated as silver salt, the silver nitrite can be completely removed by washing the 
mixed precipitate without seriously affecting the amount of silver hyponitrite, and the 
silver hyponitrite may then be titrated out with standard KCNS. This has been tested 
and results, accurate within the limits of experimental error, have been obtained. 


THE INORGANIC AND PHYSICAL CHEMISTRY Received February 27, 1952. 
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REVIEWS 


Gmelins Handbuch der anorganischen Chemie. System No. 27, Magnesium. 
Part A. No. 4. 1952,.-IV, XIV, pp. 336. Verlag Chemie, GmbH. Weinheim/ 
Bergstrasse. Price D. M. roo. 


The present volume deals with the binary and polycomponent alloys of magnesium 
from Mg-Zn to Mg-Re, as well as the surface treatment of magnesium and its alloys. 
Equilibrium diagrams of 31 binary and 105 ternary and higher magnesium-alloy systems, 
with the intermetallic compounds formed, the methods for their preparation, casting 
properties, hardness, their crystallographic, mechanical, thermal, optical, electrical, 
magnetic and electrochemical properties, their chemical behaviour and corrosion stability 
have been described in a summarised manner with complete and up-to-date references 
to literature (till December 1949). The volume contains 96 diagrams and numerous 


tables. 
An account of the numerous technically important methods for the surface treat- 


ments of magnesium and its alloys has been given for the first time in a separate chapter 
covering 59 pages with complete references to the growing but not readily accessible 
literature.on the subject. Manifold chemical and electrochemical methods for coating 


the surface of magnesium alloys are to be found in this chapter. 

This volume will serve as an indispensable reference book for all scientific and 
technical workers interested in the structure, properties aud surface-protection of mag- 
nesium alloys, 

P.R. 

Gmelins Handbuch der anorganischen Chemie. System No. 17, Arsenic. 1952,-1V, 
XV; pp. 475. Verlag Chemie, GmbH Weinheim/Bergstrasse. Price D. M. 140. 


In this volume, the history, occurrence, uses, preparation, physical, electrochemical, 
chemical and physiological properties of arsenic as well as of its various compounds 
have been described with full references to literature till the end of December 1949. 

It is needless to repeat here that no reference library for scientific research can be 
considered adequately equipped without the volumes of Gmelins Handbook. 

P. R. 


Gmelins Handbuch der anorganischen Chemie.-8 Auflage. System No. 3, Sauerstoff. 
Lieferung 2. 1952. p. 218. Price 65 D.M. Verlag Chemie, GmbH. Weinheim/ 
Bergstrasse. 


This volume deals with occurrence and technology of oxygen. 


Under the section of occurrence an account of the distribution of oxygen on the 
earth and in the cosmos, including that of ozone, water and the important oxygen 
compounds, has been given. ‘The literature about the distribution of free oxygen near 
the earth’s surface and in the upper atmosphere, and about the vertical distribution 





REVIEWS 889 


of ozone in the atmosphere, has been considered in detail. A part of the section has 
been specially devoted to the variation of the free oxygen content in the hydrosphere 
and the probable causes thereof. 

The relation between the content of bound oxygen and the condition of formation 
of minerals and rocks has been discussed from a consideration of their analytical results. 

In dealing with the distribution of water in the lithosphere, the hydrosphere and 
the atmosphere, the importance of water for the maintenance of life process on the earth 
has been described. Under the title of the occurrence of oxygen isotopes, statements 
regarding the distribution of heavy water have been summarised. 

The section on Technology deals with the preparation of oxygen and ozone; purifica. 
tion of water; technical production of hydrogen peroxide, physiological effect of O, O,, 
H,0, D,O and H,03j. 

The literature references till the end of 1949 have been cited, 

The volume contains a wealth of information and references on the subject dealt 


with like the other publications of the series. ss 
sR. 


Gmelins Handbuch der anorganischen Chemie. System No. 41, Titan-8 Auflage. 
1951. p. 481. Verlag Chemie, GmbH. Weinheim/Bergstrasse. 


The volume under review deals with the element Titanium, as detailed under: a 
history of the discovery of the element; its occurrence in stars, meteorites, and on the 


earth as distributed in the lithosphere, hydrosphere, atmosphere and biosphere along 
with a topographical survey; technical production of titanium dioxide and the metallic 
titanium; preparation of the pure element in its various forms; physical, chemical and 
electrochemical properties of the metal; alloys of titanium with other metals; compounds 
of titanium with various elements of the Periodic Table and the general reactions of 
titanium salts, 


Literature references till the end of December 1949 have been cited. Like its prede- 
cessors of the series the volume provides a complete study of the physics and chemistry 
of the element it has dealt with. 

It will be as highly valuable an addition to the library of a Research Institute as 
any other publication of the series. 

P. R. 


Elements of Ceramics. By F.H. Norton. Published by Addison-Wesley Press 
Inc., Cambridge 42, Mass. Pages 246. Price $ 16.50. 


The dictionary meaning of the word ‘Ceramics’ is the art of pottery, but in U.S.A. 
it has a wider meaning. It includes products such as white wares, refractories, 
glasses, enamels, cements, etc., requiring a high temperature for their manufacture and 
containing raw materials of earthy nature as distinguished from those of an organic 
and metallic nature. ‘The author has taken the wider meaning of the term and dis- 
cussed the fundamental principles involved in the manufacture of the products men- 
tioned above. The structure and properties of raw materials, and their interactions at 
high temperatures have been dealt with in brief. The book is divided into 20 chapters 
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dealing in structure of clay minerals, their origin, occurrence and properties ; pro- 
perties of- silica, felspar, dolomite and other non-clay minerals ; mining and treatment 
of raw materials; manufacturing methods ; composition of different types of ceramic 
bodies, glazes, enamels, glasses, cements and plastics. Theory of glassy state, theory 
of colour formation in glasses and glazes and various decorative processes have been 
dealt with. Each chapter contains a large number of illustrations which have made 


the book simple and easy reading. 

At the end of each chapter there is a list of references pertaining to the subject. 
In the appendix a complete description of some laboratory furnaces have been given. 
Compositions of different ceramic bodies, glazes and colours have also been included 
in the appendix along with other tables useful to a ceramist. The reviewer is of 
opinion that the book will be a useful guide to a ceramic student and a helping hand 


to a research worker in the field of ceramics. 
x < 


The Merck Index: Published by Merck & Co. 6th Edition ; p. 1167. Price $ 7.50 
for the regular edition and $ 8.00 for the thumb-index edition. 

This comprehensive encyclopedia of chemicals and drugs describe the properties, 
uses and methods of preparation of 20,000 chemicals used in industry and medicine. 
There are also sections dealing with more than 300 well known organic reactions and 
such subjects as coal-tar colours, thermometric equivalents, anti-freeze mixtures, re- 
fractive index of liquids and other valuable information of interest to chemists and 
apothecaries. Literature references are given wherever necessary. 

This edition can be unhesitatingly recommended as a very useful handbook for 


chemists and pharmacists. 
B. K. M. 
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INVESTIGATIONS ON THE ANALYSIS OF THE MIXED OXIDES OF THE 
ELEMEN'!'S OF GROUP Va AND IVa. PART II. ANALYSIS OF 
BINARY AND TERNARY MIXTURES OF TANTALIC AND 
NIOBIC ACIDS AND TITANIA 


By H. BHATTACHARYA 


The precipitation of ‘Ti with tannin under conditions recom nended for separation of tantalum from 
niobium, namely, 2% ammonium oxalate solution at Pa 4.0 has been studied. It has been found that 
the whole excepting afew mgs. of it is precipitated. A method based on these observations has been 
proposed for the analysis of binary and ternary mixtures of tantalic and niobic acids and titania. 


Niobium and tantalum are nearly always associated with Ti in the minerals. In 
the analysis of these minerals the mixtures of the oxides of Ta, Nb and Ti are separated 
from the rest of the elements, and the mixed oxides are then analysed for their 
constituents. Due to avery close resemblance in the properties of tantalic, especially 
niobic and titanic acids, the process of separation of tantalum from niobium is greatly 
complicated by the presence of Ti. This will be evident from the fact that pure TiO, 


can be extracted with dilute acid after fusing with bisulphate, whereas neither TagO; 
nor NbgV, can be so extracted. But if the mixed oxides are fused with bisulphate 
and extracted by dilute H2SO,, Ti, Taand Nb will be found both in the insoluble 
and soluble portions. This loss of individuality causes a very great complication in their 
separation. 

In view of the difficulties attending the separation of these oxides the earlier method 
in vogue was volumetric. ‘This was based on the reaction that both Nb and Ti could 
be reduced in acid solution with Zn or Zn-amalgam, whereas T'a remained unaffected. 
Ti could be determined colorimetrically by Weller’s method which permits the 
determination of Ti without recourse to separation of Nbor Ta. In Cunningham’s 
method (Ind. Eng. Chem., Anal. Ed., 1938, 10, 233) for the volumetric determination 
of Nb, the reduction is carried out in presence of a known amount of Ti which is added 
to the oxide, if not present in it, for complete reduction to the trivalent state. 

Gravimetric methods proposed by Hauser and co-workers (Z. anorg. Chem., 1908, 
60, 231; Ber., 1909, 42, 2270; Z. Min., 19t0, 78) have been criticised by Schoeller 
and Deering (Analyst, 1927, 52, 625). Tannin incompletely precipitates Ti from HgSO,4. 
Moser, Neumayer and Winter (Monatsh, 1930, 55, 85) precipitated Ti with tannin and 
antipyrine. 

Schoeller’s tannin method (Analyst, 1932, 57, 750) of separation of Ta from Nb 
fails altogether in presence of Ti because of the discolouring of the otherwise yellow 
tantalum tannin precipitate. Schoeller and Jahn (ibid., 1932, 57, 72) found that for 
carrying out the separation Ti must be removed beforehand by either (i) oxalate- 
salicylate method of Schoeller and Jahn if niobic and tantalic acids preponderate or 
(ii) pyrosulphate-tannin method, if titania isin excess. The last named method has 
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been modified by Bykova (Zavodsk. Lab., 1940, 9, 1193). In the modified method 
several reprecipitations are, however, necessary and the recovery of NbgQs; is less 
by 2 to 4 mg. 

Alimarin and Frid (ibid., 1938, 7, 1109) proposed a method for the extraction of 
Ti and Zr from Nb and Ta by extracting the pyrosulphate melt of the oxide with 
ammoniacal pyrogallic acid and precipitating Nb and Ta with HCl. The method 
requires several reprecipitations. Oshman’s method (ibid., 1946, 12, 154) for the 


separation of Nb from Ti was far less satisfactory in presence of considerable quantities 
of Tiand Zr owing to incomplete precipitation of Nb. 

In a previous communication (this Journal, 1952, 29, 871) a method for the separa- 
tion fo Ta from Nb has been reported. In the present investigation the precipitation of Ti 
with tannin under the conditions worked out for the separation of Ta from Nb, viz 2% 
ammonium oxalate solution at px 4.0 was studied. The results of the precipitation 
of Tialone is given in TableI. It will be observed that at pa 4.0 and 4.2 and 2% 
ammonium oxalate concentration, nearly the whole of TiO, can be precipitated by tannin. 
Only a fraction of a mg. to about 2 mg. of TiOg escapes precipitation. 

A method based on the above observation was worked out for the analysis of 
binary and ternary mixtures of tantalic and niobic acids with titania. 

In the case of binary mixtures of TagO, and TiOg, it was found that the whole of 
Ta with nearly whole of ‘Ti was precipitated by tannin from 2% ammonium oxalate solu- 
tion at px 4-0 in one operation. ‘Ti passing in the filtrate was precipitated with NH,OH 
and was determined either gravimetrically or colorimetrically by Weller’s method. 

In binary mixtures of Nb.O,; and TiO,, Tican be nearly completely precipitated 
as tannin complex from 2% ammonium oxalate solution at pa 4.0. This precipitate is, 
however, contaminated with Nb, and one reprecipitation is necessary for getting pure 
TiO,. Nband little Ti that go intosolution can be precipitated from the solution by 
NH,.OH and the precipitate ignited to get the mixed oxides of Nb,O, and TiO, that 
have -passed into solution from which Ti can be determined colorimetrically. 

In the case of ternary mixtures of tantalic acid, niobic acid and titania, the same 
procedure was adopted with the results that the whole of Ta,O; with nearly whole of 
TiO, was obtained asa precipitate,and Tithat went into solution with Nb could be 
determined in the filtrate colorimetrically. Two reprecipitations are, however, 
necessary. 

It was found that for the separation of Nb and Ta it was not necessary to remove 
Ti before hand ; on the contrary, in the same operation complicated mixtures of Nb, 
Ta and Ti were so separated that their constituents could be determined. In this case, 
with the seperation of Nband Ta, Ti was also divided into two fractions. The major 
fraction associated with Ta and the minor one with Nb in the filtrate. 


ExPERIMENTAL 


Potassium titani-fluoride, twice recrystallised, was used for the preparation of 
the standard ‘Ti solution. 

Precipitation of Ti with Tannin from Oxalate solution.—A known volume of 
standard Ti solution was placed in a6oo c.c. pyrex beaker ; sufficient filtered 4% 
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ammonium oxalate solution was added to it to have the required concentration of 
ammonium oxalate. Bromophenol blue (3.0 c.c.) indicator solution was added and 
the volume made up to 300 c.c. fa of this solution was adjusted by adding H,SO, 
(1:3) or NH,OH (1:1) as required and boiled. ‘To the boiling solution was added rg. 
of tannin in 25 c.c. water and 20 g. of NH,Cl in 75 c.c water. The solution was then boil- 
ed for 2 to 3 minutes and allowed to cool and settle at the ordinary temperature. The 
precipitate was then filtered, washed with hot 2% NH,CI solution, dried, ignited in a 
silica crucible and weighed. Results are shown-in Table I. 


‘TABLE J 


Precipitation of 'Ti with tannin at pu 4.0 and 2% amm. oxalate. 


TiO, TiO, Error 


Expt. Ti soln. pu. Am, oxalate. 
taken. found. 


No. 
4.0 2% 0.03128 g 0.03062 g. —0.66 mg. 
0.03095 —0.33 


4.2 ” 
0.03080 —0.48 


4.0 0.02515 0.02430 —0.85 
4.2 » 0.02470 —0.65 

0.05030 0 04850 -1.80 
0.04846 —1.84 


0.04740 —2.90 


4.2 ” 


” 


1 
2 
3 
4 
5 
6 
7 
8 


Analysis of Binary and Ternary Mixtures of Tantalic Acid; Niobic Acid and 
Titania.—Known volumes of standard solutions of Ta, Nb and Ti were placed in a 600 c.c. 
pyrex beaker and treated in the same manner as in the case of precipitation of Ti, above. 
Orange coloured precipitate was at once obtained which was boiled for 2 to 3 
minutes more and allowed to settle for 2 to 3 hours. The precipitate was then 
filtered, washed with 2% NH,Cl solution, dried and ignited. The ignited oxide was 
retreated. The final precipitate was ignited, leached with N-HCl, neutralised with 
NH,OH, filtered and ignited. Silica was removed from the ignited oxide with a few 
c.c. of HF and 2 to 3 drops of H,SO,, excess H,SO, was removed very carefully to avoid 
loss by spirtting, ignited and weighed(A). 


The combined filtrate was concentrated to about 400 c.c., treated with 2g. of tannin 
and NH,OH avoiding excess, and boiled. The precipitate was allowed to settle for 
2 to 3 hours, filtered and washed, ignited, leached with N-HCl) neutralised with 
NH,OH, filtered and ignited in a weighed platinum crucible. Silica was removed 
as usual from the oxide which was then ignited and weighed(B}. 


Titanium was determined in both the ignited precipitates (A) and (B) 
colorimetrically. For this purpose the ignited oxides were fused with KHSO, and 
extracted with 2 g. of ammonium oxalate in 50 c.c. water. The volume of this solution was 
made up to 100 c.c. ina measuring flask. The colour of a known volume of this solution 
with H,O, was matched with standard Ti solution containing the same quantity KHS0O, 

and ammonium oxalate.Results of the analysis of binary mixtures of Ta,O, and TiO,, 
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Nb,O, and TiO, and ternary mixtures of Ta,O;, Nb,O,; and TiO, are shown in ‘Tables 
iI, III and lV respectively. 


, TABLE II 


Analysis of binary mixtures of Ta,O, and TiO,. 


Expt. Ta,O; TiO, taken. Total. Ta,O;+TiO, TiO, Ta gO5+ TiO, Error. 
No. taken. (found, ppt.) (filtrate). (found, total). 
I 0.04352 Z. 0.05575 g. 0.09927 g. 0.09541 g. 0.00395 g- 0.09936 g. +0.00009 
2 0.01741 0 05575 0.07316 0.06962 0.00321 0.07283 —0 00033 
3 0.04352 0.02230 0.06582 0.05565 0.C0022 0.06587 +-0.00005 
4 0.04352 0.09446 0.04798 0.04840 0.00009 0.04849 +0.00051 


TABLE III 
Analysis of binary mixtures of Nb,O, and ‘TiO,. 


Expt Nb.O; TiO, TiO, found. Error. Nb,O; Error. 
No. taken. taken. ———- -—--—- --- found. 
Ppt. Filtrate Total. 
I 0.01l0I9g. 005575 g. 005466g 0.00116 g. 0.05582 g. +000c07 0.00982 g. ~0.00037 
2 0.00505 0.05575 0.08435 © 00143 0 05578 +0.00093 0.00528 +0.C0023 
3 0.01882 © 05575 0.05304 0.00226 0.05530 —0.00045 0.01859 —0 00023 
4 0.00941 0.06137 0.05896 0.00230 0.06126 —0 0001 0.00900 — 0.00041 


TABLE IV 


Analysis of ternary mixtures of Ta,O;, Nb,O, and TiQ,. 





Expt. TagO,+ 1iO, Nb,O; Ta,O,+ TiO, found Nb Os found 
No. taken. taken Ppt. Filtrate. Total. 

I 0.03242 g. © 04803 g © 03150 g. 0 000g! g. 0.03241 g. 0.04803 g. 

2 © 06401 0 01932 0.06315 0.00053 0.C6368 0.01944 

3 0.05038 0.01932 0.04980 0 00061 0 05041 0.01937 


The author's best thanks are due to Prof. P. B. Sarkar, for suggesting the 
problem, for his keen interest, active guidance and for providing all laboratory 
facilities and to Messrs. Burma Oil Company (India Concessions) Ltd., for a scholaiship 
to carry out this investigation. 
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N-NITROSOACYLARYLAMINES AS CATALYSTS IN 
ADDITION POLYMERISATION. PART II 


By G.S. MIsRA AND J. S. SHUKLA 


Experiments are described in which N-nitrosoacylarylamines have been used as catalysts in the 
polymerisation of methyl methacrylate. For nitrosoacylarylamines which contain aliphatic acyl] groups, 
there is evidence that only the aryl radical is incorporated in the polymer molecule, whereas in the 
case of nitrosoacylarylamines, containing aromatic acyl groups, the resulting polymer seems to contain 
both the aryl and acyloxy groups which result from the decomposition of the catalyst. 


It is known that several types of organic compounds can catalyse the pulymerisa- 
tion of ethenoid compounds like styrene, methyl] methacrylate and acrylonitrile. Such 
catalysts belong preeminently to the class of peroxides, aryldiazo hydroxides, arylazo- 
triarylmethanes, tetra-arylsuccinic dinitriles and nitrosoacyla:ylamines. These compounds 
are considered to give rise to transient free radicals in solution, which can initiate the 
addition polymerisation. The acceptance of this hypothesis involves that if the 
polymerisation of styrene and methyl methacrylate is initiated by a compound which 
contains groups or atoms like bromine, chlorine or methoxyl in the molecule, the 
purified polymers should contain fragments from these catalysts. This was found to 
be the case by Price et al., who used peroxides, containing bromine, chlorine or methoxyl 
group in the molecule respectively as catalysts, and found that the purified polymer 
always contained the relevant group or atom (J. Amer. Chem. Soc., 1942, 64, 1103; 
1943, 65, 517; Pfann, Salley and Mark, ibid., 1944, 66, 0983). Similar results were 
reported when -bromobenzenediazo hydroxide was used as a catalyst (Price and 
Durham, ibid., 1942, 6%, 2508). Ina like manner when p-chloro- and /p-bromo- 
phenylazotriphenylmethane, phenylazo-tri-p-methoxyphenyimethane and __ tetra-p- 
methoxyphenylsuccinic dinitrile were used, polymers were obtained which contained 
fragments from the catalyst (Hey and Misra, J. Chem. Soc., 1949, 1807). 

The use of N-nitrosoacylarylamines for the initiation of addition polymerisation 
was first studied by Blomquist, Johnson and Sykes (J. Amer. Chem. Soc., 1943, 65, 
2446). The decomposition of nitrosoacylarylamines is considered to give rise to two 
types of free radicals thus: 


Ar.N(NO).COR@=—Ar.N =N.O.COR— Ar’ + R COO’ +N, . 


Blomquist et al. (loc. cit.) studied the addition polymerisation catalysed by two sets 
of nitrosoacylarylamines containing bromine in the aryl and the acyi portions of the 
molecule respectively. ‘They found that when the catalysts of the former class were 
used, bromine was always found in the polymer, while im the latter case, the results 
were negative. Thus, they came to the conclusion that only the active free aryl 
radical (Ar’), produced in the decomposition of N-nitrosoacylarylamines, are incorporated 
in the polymer molecule, and that the free acyloxy radicals (R.COO’) do not appear 
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to be involved in the polymer formation. The use of nitrosoacylarylamines as initiators 
in addition polymerisation has recently been re-examined (Hey and Misra, Trans. 
Faraday Soc., Disc., 1047, 48, 279). In these experiments nitrosoacylarylamines contain- 
ing aromatic acyl groups, viz., N-nitroso-N-phenyl-m- and -p-bromobenzamides were 
used as catalysts and the purified polymers were found to contain bromine. These 
results provide some indication, that contrary to the conclusions of Blomquist ef al. 
(loc. cit.), both aryl and acyloxy groups are involved-in the polymer formation. It, 
however, transpired that when the two above catalysts were used, the bromine content 
found in the above polymers was low, thus indicating that under the conditions used, 
aryl radicals still appeared to be more active. 

The present investigation was undertaken to provide additional evidence in the 
matter. If the acyl free radical (RCOO’) does not take any part in the initiation 
process, then the probable fate of this radical would be to form a carboxylic acid 
(R.COOH) by an oxidative attack on the solvent or the monomer molecule. The 
determination of the acid content formed from a N-nitrosoacylarylamine, in the presence 
and absence of a polymerisable monomer, would then give an indication whether the 
acyloxy group ‘R.COO’) has taken any part in the polymerisation. The determina- 
tion of acetic and benzoic acids, which are formed from N-nitrosoacet- and -benzanilide 
respectively in the presence and absence of methyl methacrylate, indicates that whereas 
there is no appreciable difference in the acetic acid contents under the two sets of 
conditions, the benzoic acid formed in the presence of the monomer is less. These 
results indicate that when nitrosoacylarylamines containing aromatic acyl groups are 
used, both the aryl and acyloxy groups resulting from its decomposition seem to take 
part in the initiation of the addition polymerisation. On the other hand, in the case 
of nitrosoacylarylamines containing aliphatic acyl groups, only the active aryl radical 
(Ar’) takes part in the polymer formation. 


EXPERIMENTAL 


The sample of methyl methacrylate was left in contact with potassium hydroxide 
to remove quinol, and after decantation, distilled under reduced pressure, the middle 


fraction alone being used. 

N-Nitroso-acet- and- benzanilides were prepared according to the method of France, 
Heilbron and Hey (J. Chem. Soc., 1940, 369), m.p. 50° (lit. 50°51°) and 80° (lit. 83°) 
respectively. 

Polymerisation of Methyl Methacrylate.—1 (a). A mixture of methyl methacrylate 
(10 c.c.) and N-nitrosoacetanilide (v0 6662 g.) was heated in a sealed ampoule at 60° 
for 24 hours. ‘he reaction was brought to an abrupt end by chilling. The crude 
polymer, obtained by dissolving the reaction mixture in dioxan and pouring this into 
excess of methyl alcohol, was purified thrice in this way. The filtrates were all 
collected in a graduated 250 c.c. flask and the solution made up to the mark. 

The amount of free acetic acid contained in a measured volume of the above 
solution was obtained by conductometric titration and thus the quantity of acetic acid 
in 250 c.c. of the solution was obtained. 
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The above determinations could not be carried out by titration against a standard 
caustic soda solution, using phenolphthalein as an indicator, as the solution had a dark 
yellow-brown colour and thus masked the end-point (Found: acetic acid, 0.2414 g Cale. 
acetic acid, 0.2438 g.). 


(b). A blank experiment, omitting the polymerisable monomer, viz., 
A mixture of dioxan (10 c.c.) and N-nitrosoacetanilide 


methyl 


methacrylate, was performed. 
(0.7350 g.) was heated in a sealed tube at 60° for 24 hours under the same conditions 


as in the above experiment. The tube was then cooled and the contents poured in a 
graduated flask and the solution made up to 250 c.c. by the addition of methyl alcohol. 
The amount of acetic acid liberated was estimated as before. (Found: acetic 
0.2634 g. Calc. acetic acid, 0.2689 g ). 

Similar experiments were performed at other temperatures using the same catalyst 


acid, 


and the results are summarised in Table I. 

2(a). A mixture of methyi methacrylate (10 c.c) and N-nitrosobenzanilide (1.0703 g.) 
was heated in a sealed tube at 80° for 24 hours. The polymer was isolated, purified 
and collected as in the above experiment. The amount of benzoic acid contained in 
the filtrate was obtained as in the previous case. (Found: benzoic acid, 0.3907 g. Calc. 
benzoic acid, 0.5778 g.). 

(b). A mixture of dioxan (ro. ¢.c.) and N-nitrosobenzanilide (1.0605 g.) was 
heated in a sealed tube at 60° for 24 hours ‘The amount of benzoic acid contained in 
the mixture was computed as before. (Found: benzoic acid, 0.5674 g. Calc. benzoic 
acid, 0.5725 g.). 

Similar experim2nts were performed at other temperatures, using N-nitroso- 
benzanilide as the catalyst, and the results are summarised in Table T. 


TABLE I 


Quantity of Monomer. Quantity of Temp. Time. Acid Acid content 


catalyst. monomer, 


N-Nitrosoacetanilide. 


liberated. Found. Calc. 


0.5746 g. Methyl methacrylate Io ¢.c, 17° 48 hrs. Acetic acid o 2094 g 0.2103 g. 
0.4836 Dioxan (blank) 10 17" 48 a 0.1843 0.1809 

c.6662 Methyl! methacrylate te) 60° 24 se 0.2414 0 2438 
0.7350 Dioxan (blank) 10 60° 24 me 0.2634 0 2689 
0.5178 Methyl methacrylate 5 80° 24 ie ) 1930 0.1894 
0.5516 Dioxan (blank) 5 80° 24 # 0.1976 0.2018 


NNitrosobenzanilide. 


0.6402 g Methyl! methacrylate 10 ¢.c 20° 8 days Benzoic acid 0.1517 g. 1.3456 
0 5047 Dioxan (blank) 10 20° 8 2 .2693 2724 
1.0703 Methy! methacrylate 10 60° 24 hrs. - .3907 
1.0605 Dioxan (blank) 10 60° 24 mA 5074 
0.9651 Methyl methacrylate 10 80° 24 = .4025 
1.0715 Dioxan (blank) 10 80° 24 = .5670 


The authors wish tothank M/S [Imperial Chemical Industries Ltd, gift of 
chemicals and Dr. A. C. Chatterji, D. Sc., Dr. Ing. for providing favilities. 
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CONDUCTANCE OF IODINE IN PYRIDINE 
By Ram Gopal AND T. N. SRIVASTAVA 


A long-time study of the variation of electrical conductance of i»dine in pyridine solutions reveals 
that the change appears to follow a first order reaction, and the constant equilibrium values of specific 
conductances are not realised within an appreciably long period of time, a result contrary to the findings 
of Audrieth and Birr. 


The nature and state of iodine mo‘ecules in various solvents have been the subject 
of studv by numerous workers (cf. Kleinberg and Davidson, Chem. Rev., 1948, 42, 601; 
Hildebrand, Ann. Rev. Phys. Chem., 1950, p. 75; Fairbrother, Nature, 1947, 160, 87; 
J. Chem. Soc., 1948, 1051; Bayliss, Nature, 1949, 163, 764; Benasi and Hildebrand, 
J. Amer. Chem. Soc., 1949, 71, 2703; Mulliken, ibid., 1950, 72, 600; Kleinberg et al., 
ibid., 1951, 78, 88). Audrieth and Birr (J. Amer. Chem. Soc., 1933, 55, 668) observed 
that the electrical conductance of soiutions of iodine in pyridine changed with time and 
in very dilute solutions (conc. range 0.0003438M to 0.a0004059M) reached a constant 
equilibrium value in about 1vo to 150 hours. ‘This apparently arbitrary assumption 
for the time limit obviously needs a more thorough investigation and the present com- 
munication is an attempt in this direction. 


EXPERIMENTAL 


Kahlbaum pyridine was kept over caustic potash for several days and then distilled 
twice. A o.o1M stock solution of resublimed Kahlbaum iodine was prepared in pyridine 
and from this other solutions of desired concentrations, e. g., 0.0004M, 0.0002M, 0.0001M, 
0.00004M and 0 00002M, which covered the concentration range studied by Audrieth and 
Birr, were prepared by diluting the required quantities of this solution with redistilled 
pyridine and kept in glass-stoppered pyrex bottles. The temperature of the thermostat 
was as near as possible to the room temperature to reduce the effect of the variation in 


temperature when the solutions were not in the thermostat. 

A Leeds and Northrup conductivity bridge and glass stoppered pyrex-glass conducti- 
vity cell with vertical platinum electrodes were employed for conductivity measurements. 
The electrodes were slightly platinised to get a sharp null point. The effect of the 
black platinum deposit, covering the electrodes, on the conductance of iodine solutions 
was examined separately and was found to be nil. The conductance of pyridine itself 
was about 5.410" mhos. ‘Table I gives the results obtained with various solutions. 


TABLE I 
Temperature = 25°. 


Specific conductivity x 108 
Conc. : 340 hr. 504 hr. 674 hr. 816hr. 1170 hr. 1410 hr. 2260 hr. 


0.0004 M 3. 9.430 ‘ 13.29 14.53 16.34 17.78 20.28 

0.0002 6.256 : 8.436 9.170 10 38 11.02 12.49 
0.0001 : 4.140 5 5 040 5.381 6.001 6.490 7-499 
0.00004 2.781 ‘ 3-396 3.620 3-681 3-776 4.258 
0.00002 2.317 : 2.598 2.598 (?) — 2.801 
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From Table I it appears that no constant equilibrium value of specific conductance 
is reached even in most dilute solutions, even after 2000 hours. ‘There is no doubt that 
the changes are very small when the measurements are confined to minutes, hours or 
even days except in the very beginning when the changes are very rapid. Hence, the 
variations in conductance of dilute solutions after an appreciable lapse of time would 
be easily overlooked unless the measurements are made after long intervals of time. 
This accounts perhaps for the results of Audrieth and Birr (loc cit.). 

In order to get the final values of conductance (independent of time) one must 
therefore plot the specific conductance against time and then extrapolate the curve to 
infinite time or, more conveniently, plot specific conductance against the inverse of 
time and then intrapolate the curve to the zero value of the inverse of time. 

From the curves, thus drown, the values of specific conductance corresponding to 
infinile time for various concentrations are found te be appoximately: 


x(0.0004M) = 26.80 x 10-*.mhos. 
K(0.0002M) = 17.05 ” 
k(o.0001M) = 10.70 
k(0.00004M) = 5.06 

k(0.00002M) = 3.17 ” 


As these values may be taken as roughly proportioual to the initial concentration * 
of the reactants, one can attempt to calculate the order of the change taking place. 
Although it cannot be expected that a constant value for the velocity constant would 
be obtained and also its calculation cannot be justified due to the long intervals of time 
employed and the variations in temperature, the fractional change method may be 
utilised to give us an idea about the order of the change. In Table 11 are given the 
values of the fractions of the reaction completed at different intervals of time in the case 
of three higher concentrations studied here **, 


TaB.e II 
Fractions of total change in conductance in 
50 hr. 100 hr. 200 hr. 50) hr. 675 hr. 817 hr. 1170hr. 


0.0001 M 0.1682 0.2280 0.3082 0 3963 0.4710 0.5028 0.5710 
0.0002 0.1877 0.2289 0.2898 0.4448 0.4949 0.5380 0.6080 
0.0004 0.1643 0.2081 0.2705 © 4390 0.4959 0.5420 0.6090 


From Table II it appears that the fraction of the substance decomposed in different 
cases, during the same interval of time, is approximately the same and thus indicating 
a first order reaction. Iodine, on dissolution in pyridine, forms perhaps a complex 
represented by the equilibrium 


C;H,;N +I, == C;H;N.I, 


* Not to be confused with the initial concentration of iodine. 


** At still lower concentrations the results are perhaps vitiated due to absorption of moisture by 
pyridine. At the higher concentrations the effect wiil be comparatively low due to appreciably higher 


conductances. 
2—1801P.—12. 
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It appears that this complex undergoes decomposition according to the first order law 
(cf. Zingaro, van der Werf and Kleinberg, Joc. cit.). Further work on the subject is in 


progress. 
Authors’ best thanks are due to Dr. A. C. Chatterji, Professor and Head of the 
Chemistry Dept. and to Mr. M. R. Nayar, Reader in Chemistry, for facilities, criticism 


and suggestions. 
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FURTHER STUDIES ON LECHER’S “DISULPHIDE”’ FROM TETRAMETHYL- 
THIOCARBAMIDE : CONSTITUTION OF “FORMAMIDINE 
DISULPHIDE SALTS” 


By R. H. SAHASRABUDHEY AND K. R. SHESHADRI 


A disuiphide, analog.us to formamidine disulphide, the oxidation product of thiocarbamide, has 
been reported to be formed by the oxidation of tetramethylthiocarbamide (Annalen, 1925, 445, 36, 51). 
It has been suggested (Proc. Ind. Sci. Cong., 1951, Part III, p. 75) that these ‘‘disulphides” are 
probably not true disuiphides but are derived from a single molecule of thiocarbamide or its tetramethyl 
homologue which has lost an electron during oxidation, and co-ordinated an anion like Cl, Br~ etc. 
Molecular weight determination in’ water gives values from 190-220 for the ‘bromide’ (MeyNz CSBr). 
A structure of the type envisaged above, is likely to show similarities with a charged free radical, 
as indeed appears to have now been noticed. Attempts at isolating the free base from the 
‘‘disulphide salt’ have been unsuccessful. In addition to the liberation of iodine from aqueous KT, the 
compound possesses the property of oxidising H,S, H,SO3, HyzS,0; and under certain conditions, other 
thiocarbamides. The “bromide’’, however, failed to brominate phenol or acetanilide indicating the 
absence of free halogen formation or a N—halogen link It is concluded therefore that the above 
peculiar behaviour arises as a result of the rather unusual type of link between the oxidised 
thiocarbamide residue and the ‘anion’. Oxidation of mixtures of thiocarbamide and tetramethyl- 


thiocarbamide Las revealed no mixed disulphide. 


It has been shown in an earlier paper of this series (this Journal, 1951, 28, 341) 
that the oxidation product of tetramethylthiocarbamide has the constitution (I) and 
not (II), as suggested by Lecher on analogy with ‘formamidine disulphide’ (Annalen, 
1925, 445, 36, 51; Werner, J. Chem. Soc., 1912, 2180). 


| Me Me Me /. Me’ {Me ‘ ) 

| Yn-c—nC__ x, ne [:n ¢ |s.s{_ DN: Jeng 

i Me’ it ° ‘Me Me \ Me’ ‘Me ) 
Ss 


(I) (II) 


Since the monomeric structure (I) cannot be easily constructed (this Journal, to5t, 
28, 311) according to the conventional ideas of valency and since the compound shows 
very pronounced saline characteristics (loc. cil.), a free radical, Weitz’s (Ber., 1926, 59, 
432, 2307 ; Z. Electrochem., 1928, 34, 538) or Wurster’s salt like constitution ‘Waters, 
“‘Chemistry of Free Radicals’’, p. 75) has to be assumed for it, at least as one of the like- 
ly canonical forms. A more detailed examination of the properties of this substance 


therefore appeared warranted. 


Molecular weight was confirmed using glacial acetic acid as well as water by the 
cryoscopic method. Excepting in very concentrated solutions in the former solvent when 
high values were obtained, in both the solvents the average value worked out to be 
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near 200, which is in good agreement with the calculated value of 212 for the “bromide’. 
The detailed results of these experiments are presented in Table I. The high values 
in glacial acetic acid are undoubtedly due to association as indicated by the values ob- 
tained for tetramethylthiocarbamide in this solvent and water; the low values in dilute 
solutions in the latter solvent are evidently due to ‘hydrolysis’ or / and dissociation. 

The compound possesses very pronounced oxidising properties. In addition to the 
liberation of iodine from aqueous potassium iodide (loc. cit., results under publication), 
it can oxidise hydrogen sulphide to sulphur, sulphurous acid to sulphuric acid and 
thiosulphate to tetrathionate; and also under certain conditions thiocarbamide to 


“‘formamidine disulphide salts’’. 


As indicated by (i) its inability to brominate compounds like aniline, phenol and 
acetanilide and (ii) possession of similar oxidising powers by other ‘salts’ like the 
‘perchlorate’, the ‘bromide’ does not liberate atomic bromine and the oxidising proper- 
ties of these ‘salts’ are, in all probability, due to the peculiar nature of the link between 
the ‘anion’ and the ‘cation’, because the reduction products are always the corresponding 
acid (in the present case HBr) and tetramethylthiocarbamide. 


If the oxidation product of tetramethylthiocarbamide were a true disulphide, since 
it does not contain any labile hydrogen like ‘formamidine disulphide’, free octamethy] 
formamidine disulphide base should have been obtained from the ‘disulphide bromide’ 
on treatment with alkali. Nosuch basic product was obtained. Unlike ‘formamidine 
disulphide’ no elemental sulphur was precipitated, but almost over 70% of tetramethyl- 
thiocarbamide it contained could be extracted out with ether from such solutions. 
A considerable sulphate and traces of sulphide were also detected. ‘The decomposition 
of ‘formamidine disulphide salts’’ with alkali can be represented as follows: 


2 [NH.. CS. NH,] X —> NH,.CS.NH,+NH,.CN+S+2HX 


It is not, however, possible at this stage to outline the mechanism of the change in 
the present case (vide experimental). 

Hydrogen peroxide formation could not be detected. Independent experiments with 
alkaline tetramethylthiocarbamide solutions aud bromine and hydrogen peroxide revealed 
that the latter reagent was at once used up oxidising thiocarbamidic sulphur to sulphuric 
acid. A gaseous base is also formed simultaneously which is being examined (cf. 
Boesken, Proc. K. Acad. Wetensch., 1936, 39, 717; Rec. trav. chim., 1936, 585, 
1040, 1044). 

. Oxidation of mixtures of thiocarbamide and tetramethylthiocarbamide was carried 
out in aqueous media in the hope of obtaining a mixed disulphide. Evidence obtained 
(vide experimental, Table V) indicates that, depending on conditions, oxidation product 
of tetramethylthiocarbamide or thiocarbamide alone is formed and no mixed disulphide 
could be obtained. Further, the two oxidation products appear to remain in equilibrium, 


ExPERIMENTAL 


Molecular weight.—Determinatjons were carried out using water and glacial acetic 
acid as solvents. ‘The results are presented in Table I. 
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TABLE I 
No, Compound. Solvent. Wt. of the Wt. of the M.W. 
solute. solvent. 
2 , 3 4 5 6 
I ‘Bromide’ Acetic acid 0.6278 g. 26.25 g. 379 
”» “ 0.6278 31.60 236 
2 - - 0.2886 26.35 281.7 
”» si 0, 2886 26.35 231 
»” 7 0.2886 31.60 215 
” - 0.2886 36.95 179 
3 9» °° 0.2879 26.35 266 
4 - Water 0,6037 19.96 188,194 
” 9» 0.6037 25.0 189 
30.0 186 
5 ” - 1.1222 20.0 210.4, 2126 
25.0 202, 204.6 
30.0 105 
6 in ae 1.4793 20.0 223.8, 232 
25.0 211 3, 212.8 
” Perchlorate - 0.1007 250 145.2 
300 173.151 
8 Tetramethyl- Acetic acid 0.2942 26.35 154,146 
thiocarbamide 31 65 143.5 
9 Be Water 0.3324 20 0 132.8 
25.0 132.0 
30.0 131.9 


Oxidising Properties—The following oxidising properties are shown by the 
‘formamidine disulphide’ salts as well as the oxidation product ‘I) of tetramethyl- 
thiocarbamide : 


(a) To a solution of hydrogen sulphide in water an aqueous solution or solid 
‘disulphide salt’ is added. Elementary sulphur is at once precipitated indicating oxida- 
tion of H.S. 


(b) A solution of sulphur dioxide in water when similarly treated forms sulphuric 
acid as indicated by the usual tests. 


(c) Sodium thiosulphate is oxidised to tetrathionate: To a strong solution of 
sodium thiosulphate (about 2-3 N) a weighed quantity of the ‘disulphide salt’ of 
tetramethylthiocarbamide is added. ‘The mixture is extracted with ether to remove 
the tetramethylthiocarbamide which is formed by reduction and excess of thiosulphate 
remaining behind is estimated. The following table gives observations with regard 
to two of these experiments. 
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TABLE II 
Oxidation of thiosulphate. 


Bromo derivative Thiosulphate Tetramethylthiocarbamide. N/20-I, reqd. Residual thiosul- 


in terms of for the resi- phate in N/.o 
In terms of N/10 equiv. Extracted. Expected. dital thio. equiv. (Calc. from 
N/10 equiv. columns 2 and 3). 
I 2 3 4 5 6 7 
0.5742 g 27.00 C.C. 39-90 C.Cc. 0.3215 g- 0.3575 &- 16.2 C.c. 12.9 C.c. 
0.5818 27.45 38.75 0.3584 0.3623 13.1 11.3 


Figures in columns 2, 3, 6 and 7 clearly prove the oxidation of thiosulphate and those in columns 
4 and 5 indicate reduction of the ‘bromide’ to tetramethylthiocarbamide. 


(d) Oxidation of Thiocarbamide.—To a solution of thiocarbamide in water was add- 
ed a concentrated solution of a weighed quantity of the bromide oxidation product of 
tetramethylthiocarbamide. Picrate of ‘formamidine disulphide’, the oxidation product 
of thiocarbamide, was precipitated with excess of picric acid ; it was filtered, dried and 
weighed, m.p. 154°. The results of three experiments are shown in Table III. 


TABLE III 
Observations. Experiment No. 
3 II. III. 

1 Thiocarbamide taken a 0.5000 g. 1.00 g. 1.00 g. 
2 Tetramethylthiocarbamide bromide oxidation evita added ae 0.5000 0.5086 0.5031 
3 Picrate of ‘formamidine disulphide’ obtained ol 0.4100 0.5882 0.5684 
4 Picrate expected on the basis of ‘bromide’ added sa 0.7191 0.7312 0.7238 
5 Percentage yield ” sss 57.0000 80 4000 78.g000 

(e) Oxidation of Tetramethylthiocarbamide with ‘Formamidine Disulphide’ Bro- 
mide.—A small quantity of tetramethylthiocarbamide was dissolved in water and this 





solution divided into two equal parts, A and B. To A was added a weighed quantity of 
solid ‘formamidine disulphide’ hydrobromide little by little. Both the solutions (A) 
and (B) were then extracted with ether under similar conditions, and on evaporation of 
the ether a residue of tetramethylthiocarbamide (m.p. 78°) left behind was collected in 
each case and weighed. In two experiments following results were obtained. 


TABLE 1V 


Observations. Experiment No. 
Be II. 
Weight of tetramethylthiocarbamide dissolved and divided into two ‘ 
equal parts, A and B i‘ = ses 0.4104 g. in 0.7999 g. in 


20cc. water 40c Cc. water 


2 Weght of ‘formamidine disulphide’ hydrobromide added to A © 1090 g. 0 2140 g. 
3 Amount of tetramethylthiocarbainide initially csmamsin in each 
part A and B 7 “ 0.2952 2.4000 
4 Tetramethylthiocarbamide recov ere aii 7 ae oa 0.1766 0.4002 
5 ‘Tetramethylthiocarbamide that can be oxidised by (2) ae 0.0922 0.1811 
6 Tetramethylthiocarbamide recovered from A eee " 0.1054 © 2100 
7 Unreacted tetramethylthiccarbamide expected from A eee 0.1130 0.2189 











n 
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A consideration of the above values of tecramethylthiocarbamide, in view of the 
fact that the bromide of its oxidation product is neither soluble in ether nor does it give 
up its thiocarbamide to ether on extraction, clearly indicates that ‘formamidine disul- 


phide’ salt oxidises it almost completely. This receives further confirmation from the 
following experiments with mixtures (vide Table V). 


Behaviour of the Tetramethyithiocarbamide Oxidation Product towards Alkali 


A dilute solution of the ‘bromide’ can be quantitatively determined by titration of 
the acidity it liberates. 


When to a moderately strong solution of the ‘bromide’ is added excess of a strong 
solution of sodium hydroxide with cooling in ice, tetraimethylthiocarbamide is at once 
precipitated. This is filtered and the filtrate extracted with ether for the residual 
thiocarbamide left in the solution. In a series of experiments as much as 70-75% of the 
tetramethylthiocarbamide was recovered. The solution was found to contain a lot of 
sulphate and small traces of sulphide, and had an amine like odour. On concentration 
no other product could be isolated. 


After extraction of thé alkaline solution with ether, if it is acidified with acetic acid 
and potassium iodide is added, no iodine is liberated indicating the total decomposition 
of the original ‘bromide’. if, however, KI is added first and then followed by acetic 
acid, considerable quantity of iodine is liberated. ‘This indicates that the oxidising 
power shown by the alkali solution is due to some alkali-stable oxidising agent, possibly 
hypohalite. Hydrogen peroxide was not detected. A nitrometric study did not 
indicate the evolution of gaseous oxygen, which might have been formed in an alkaline 
environment if hydrogen peroxide were initially formed. 


Oxidation of Mixtures of Thiocarbamide and Tetramethylthiocarbamide 


Weighed quantities of tetramethylthiocarbamide and thiocarbamide in different pro- 
portions were dissolved in about 40-45 c.c. of cold water and treated cautiously with 
a known quantity. of bromine in aqueous potassium bromide solution. The colour 
of the bromine was completely discharged. This solution was repeatedly extracted with 
ether for the removal of unreacted tetramethylthiocarbamide which was weighed out 
after evaporation of ether, and the solution made up to 100c.c. Toa 20c.c. aliquot of 
this a large excess of KI was added till some solid was left and iodine set free determined 
with thiosulphate. This solution on extraction with ether gave a further quantity of 
tetramethylthiocarbamide. ‘To another 20 c.c. aliquot of the made up solution excess 
of aqueous picric acid was added when picrate of ‘formamidine disulphide’ was precipita- 
ted which was collected, dried and weighed. Independent experiments have shown that 
the picrate is very sparingly soluble in water and can be recovered corresponding to 
05% yield. 
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TABLE V 
Oxidation of mixture of thiocarbamide and tetramethylthiocarbamide. 

‘ oo 2 r=] : : Sa 30 “8 
F ~ 3 #3 °3 oh FY F Ase *E; Se 
A) @ 3 a6 bo. os I BS HS, any 8D 

- =| — = 2 = ° S Pi = g aw Y¥ Sy +4 ats 

=| _ 5 = oS @ $ of" 0-5 SHO 

a a + 43 sA- oos He 2 w -e oo £2 

2 v ™¥s 6093 e+: %a ° ~ | - 2 = 

° F B ‘og 8s 85> S88 g yg ESE FSR Boe 

u 8 g u Sp 5 & we © & H 0% Ses See 
$ a = g a <6 “4 as 3g S 8a, =a” BS 
Au = 2) x £5 38 aS & & Oso ” 
I 1.0084 g. 0.6134 g. 0.6221 g. 0 2970g. 7.78c.c. 6.62c.c. 0.378 g. 1.84 g. 2.46. 70.0 84.9 748 
2 1.0080 0 6134 0.6221 0.2962 7-78 6.41 0.375 1.97 2.46 70.0 82.3 72.0 
3. 1.1360 0 5706 0.5 0.4701 6.25 590 0.390 1.05 1.90 80 5 94.0 543 
4 1.5436 0.5396 0.5 0 6763 6 25 5 70 o 468 1.17 1.90 105.0 gI.0 61.6 
5 1.5060 2.0042 0.5 0.9105 6.25 475 0.498 1.37 1.90 72.0 758 73-3 
6 14995 2.0012 09.5 09289 6.25 4.82 0.475 1.46 41.90 69.2 77.0 67.8 
7 15000 2 0012 0.5 0.9373 6.25 4-9 0.484 1.45 I 90 68.2 78 0 76 3 





*TMT denotes tetramethylthiocarbamide. 


The results (Table V) clearly indicate that in a mixture, tetramethylcarbamide is 
preferentially oxidised, but if a precipitant, e.g., picric acid, as in the present case, is 
added to remove ‘formamidine disulphide’ from the sphere of action, then this latter 
is formed preferentially. The variation in the relative proportions of the two thiocarba- 
mides in the mixtures also slightly influences the proportions of the product formed 
(vide columns 2, 3 and 11, 12, 13, Table V). These facts clearly show that a mixed 
disulphide is not formed but the oxidation products of both the thiocarbamides exist in 
equilibrium which can be shifted in favour of one or the other depending on the condi- 
tions. 
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THE APPARENT MOLAL VOLUME OF SODIUM AND POTASSIUM 
CHLORIDE AT 35° 


By S. PANDA AND B. PRASAD 


Redlich's equation ¢ — ¢) + A /C + BC connecting apparent molal volume (9) and concentration 
(C), reduces to the equation 





1000 5S! 44 VE = (x - ») —BC 
c Po 


where ‘S’ is the specific gravity of the solution. In order to verify this equation specific gravity of 
solutions of sodium chloride and potassium chloride was measured to an accuracy of two in a miilion in 


the concentration range 0.0002 to1 M. 1000 sa +AVC was plotted against C for a number of values 


of ‘A* and the best straight line was selecied. The apparent molel volumes are best represented by 


equations @NaC! = 17.357+1.8 VC -—9X10°3C; OKO =27.303+2-1 /C —5.6x1072C. The ‘A’ values are 


not exactly the same. ‘The specific gravity ‘S’ of the solutions of the two solutes is given by the follow- 
5 

ing equations within the range, 0.0002 to 0.4 molar; NaCl = 1 + 4-1443X107C + 1.8 X 10°3C* + 9.0 

x10°°C?4+5x1078; Sxl =1+4.7696X1072 C + 2.1X10°3 C® +5 6x10 °C?+ §xX10°°. 


Masson (Phil. Mag., 1929, vii, 8, 218) showed empirically that apparent molal 
volume (¢) of strong electrolytes even at a fairly high concentration could be represented 
by the equation sat 

= % +AVC, 
where ‘A’ isa constant for the electrolyte concerned and ‘C’ is the molar concentra- 
tion of the electrolyte. Redlich and Rosenfeld (Z. physikal. Chem., 1931, A155, 65; 
J. Amer. Chem. Soc., 1942, 64, 758), on the basis of the Debye and Hiickel interionic 
attraction theory, derived the equation 


¢=¢.+ AVC + BC 


for dilute solutions of strong electrolytes in which the constant ‘A’ can be calculated 
from the known physical constants and should be theoretically the same for same valance 
type of the solute. The constant ‘B’ is an empirical one. ‘The validity of this theory 
has been examined by many workers but their measurements in most cases do not extend 
to very low concentrations at which the above equation should be applicable. So the 
study of the apparent molal volume of some of the electrolytes of uni-univalent type in 
dilute solutions at 35° was undertaken. 


ExPERIMENTAL 


An improved thermostat of the type described by Srinivasan and Prasad (Trans. 
Faraday Soc., 1939, 35, 462) was used. Specific gravity determinations were made 
at 35°+0.005 with 120 c.c. pyknometers of U-tube type in which liquids were taken up 
to the end-s of the capillary limbs. To prevent loss of liquid due to évaporation the 
pyknometers were fitted with ground glass caps as soon as they were removed from the 
thermostat. Two such pyknometers were first filled with water. They were put into the 
3—1801P—12. 
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the thermostat and taken out of it at least after 45 minutes, one after the other, leaving 
as small interval of time as possible. Any loss of water due to evaporation from the 
open capillary end of the pyknometers, while they were in the thermostat, was made up 
by adding small drops of water to the tips of the capillary ends. The ratios of the wei- 
ghts of water in the two pyknometers were found by 50 separate experiments which never 
differed from the mean by more than two in a million. Checks on this ratio were made 
at regular intervals of time. 

For obtaining the specific gravity, the solution was taken in one of the above two 
pyknometers, while the water used for making the solution was taken in the other. Both 
the pyknometers were placed and taken out of the thermostat exactly in the same 
manner as described above. The weight of the water in the pyknometer containing 
water only was multiplied by a certain factor, found as explained above to get the weight 
of water which would fill the pyknometer containing the solution. All data for calculating 
the specific gravity of the solution were thus obtained. At least five independent ob- 
servations for each concentration of the solution were taken. ‘Ihe value of the specific 
gravity in the five experiments seldom differed by more than two in a million. 

All weights were reduced to the vacuum standard by making the necessary buoyancy 
correction before calculating the specific gravity. The use of two pyknometers as des- 
cribed above eliminates any possible error coming in due to thermostatic temperature 
fluctuations. 


In order to avoid air bubbles appearing in the liquid inside the pyknometers and 
vitiating the results, it is necessary to partially remove the dissolved air either by putting 
the solution in vacuum for some time or by keeping it in a flask in the thermostat for 
24 hours or heating it to 40°-50° and rapidly cooling without shaking, before putting 
it into the pyknometers. The practice of keeping the solution in the thermostat for 
24 hours was generally followed. 

B.D. H. Analar sodium chloride and potassium chloride samples were crystallised 
thrice from double distilled water. The salts thus obtained were dried at 120° for 72 
hours and at 300° for a further period of 24 hours in an electrically heated air-oven. 
The salts were stored in separate vacuum desiccators. 


All solutions above the concentration 0.01 M were prepared by direct weighing in a 
standardised measuring flask at 35°. Other solutions were made by dilution from more 
concentrated stock solutions prepared by direct weighing. ‘The water used thrcughout 
the experiments was double distilled conductivity water. 

The apparent molal volume is given by the equation 


1000 (5 _ p) + M 


C po Po 





= 


where M is the molecular weight of the solute, C is the concentration in g. moles/litre, 
p and p» are the densities (g./c.c.) of the solution and water respectively at 35°. The 
observed values of specific gravity S’ are shown in Table I against the concentration ‘C’ 
of the various solutions. Substitution of the above value of ¢ in Redlich’s equation gives 
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bo t AVE + BC H222 (p.—py +H 
& Po Po 
or coment +4 Ade @ (¥-9,)-Bc 
c Po 
The plots of 1000 on + AVC against ‘C’ for a number of assigned values of ‘A’ 


including the theoretical value were examined. The best value of ‘A’ was selected by 
the method of least squares after discarding the values of 1000 a +AVC for the 
most dilute solutions for reasons noted further below. From the value of ‘A’ and ‘B’ and 
(¥- 6») determined from the plot, the following relationships were deduced : 
I. gxaci =17.357+1.8VC —9X 107° C; 
Il. ¢xcr = 27.303+2-1 VC- 5.6x 10-* C; 
Ill. Syaci= 1+4.1443 X 107? C+1.8% 10"C2 +9.0x 107°C?+5 x10 °; 
IV. Ske =1+4.-7696 X 107°C + 2.1 X 107c8 + 5.6x10°"C?+5x 107°, 


The equations LII and IV are found to hold good within the range of 0.0002 M 


to 0.4M. 
TABLE I 
Conic. S obs. S calc. Conc. S obs. S calc. 
(g. moles/litre). (g. moles/litre) 
NaCl. KCl 
6.000200 1.000010 I 000008 0.000200 1.000011! I.0000I10 
0.000500 1.000024 1.000021 0.000499 7.000026 1.000024 
© 000800 1.000740 1.000033 0.000801 1.000041 1.000038 
0.000998 1.000041 1.000041 0.001001 1.000046 1.000048 
0.001997 1.000083 1.000083 © 002003 1.009095 1.000095 
0.004020 1.000162 1.090166 0.00500 1.000237 1.000238 
0.00601 1.000247 1.000248 0.00801 1.000383 1.000383 
0.00799 1.000331 1.000330 0.00998 1.000476 1.000474 
0.00974 1.000404 1.000402 0.02000 1 000949 1.000948 
0.01943 1.000797 1.000800 0.03003 1.001419 1,001421 
0.03001 1.001233 1.001234 0.03998 1.001890 1.001890 
0.04°02 1.001645 1.001644 0.05003 1.002363 1.002363 
0.05998 I 902457 1.002460 0 06000 1.002832 1.002831 
0.07000 1 002868 1.002868 0.07002 1.003298 I 003301 
0.08009 1.003277 1.003279 0.08001 1.003772 1.003769 
0.08999 1.003688 1.003681 0.08995 1.004235 I 004234 
0.09999 1.004087 1 004087 0.10001 1.004690 1.004704 
0.19996 1.008127 1.008127 0.19997 1.009347 1.009352 
0.39987 1.016117 1.016120 0.29994 1.013 61 1.013966 
0.60016 1.024024 1.024041 0.39997 1.018553 1.018555 
0.79979 1.031907 1.031867 0.50097 1.023115 1.023123 
0.59994 1.027662 1.027659 
, 0.69991 1.032183 1.032181 
0.79992 1 036695 1.036686 
0.89994 1.041197 1.041176 


0.99998 1.045677 1.045653 
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The values for very low concentrations have been ignored in the plots on account 
of large probable error in 100027 + AVC at these concentrations. However, all the 


points for concentrations below 0.001M lie to one side of the best line and the values of 
S-1 
Cc 


These deviations may be due to some constant experimental error not located so far or 


1000 + AWC increases with the lowering of concentrations from 0.001M to 0.0002 M. 





they might be real. However, no definite conclusion can be drawn without measuring 
the density to an accuracy of 2107’ g./c.c. It may be noted that the values of ‘A’ 


for sodium chloride and potassium chloride are not exactly the same. 
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DETERMINATION OF THORIUM BY STEARIC, PYROGALLIC AND 
m-HYDROXYBENZOIC ACIDS 


By G. S. DESHMUKH AND J. XAVIER 


Results are given for the quantitative determination of thorium within a pa range 3.5—6.0 by stearic, 
pyrogallic and m-hydroxybenzoic acids. ‘The precipitate is ignited and thorium estimated as ThO,. 
Under the conditions worked out, an effective separation of thorium from solutions containing an equi- 
valent quantity of trivalent cerium has been obtained by m-hydroxybenzoic acid. 


The thorium salts of many organic acids are markedly less soluble than those of the 
rare earth elements. The specific utility of a number of such precipitants as mz-nitro- 
benzoic acid (Neish, Chem. News, 1904, 90, 196, 201), sebacic acid (Smith and James, 
J. Amer. Chem. Soc., 1912, 34, 281), fumaric acid (Metzger, ibid., 1902, 24, gor) 
and iodic acid (Venkatramaniah and Raghava Rao, this Journal, 1944, 26, 487) 
has been described in ihe literature. Despite some notable results such as obtained 
with these acids, it would appear that the use of organic reagents in the chemistry of 
thorium needs investigation. This communication presents in some detail the results 
obtained with stearic, pyrogallic and m-hydroxybenzoic acids. 


ExPERIMENTAL 


The above substances were purified by repeated recrystallisation of B. D. H. reagent 
chemicals till the observed melting points agreed within o.5° with the standard data. 
‘Thorium was precipitated by stearic acid by adopting the following procedure developed 
from numerous trial experiments which gave reproducible results. 


To an aliquot part of thorium nitrate (or chloride) solution containing about o.1 g. of 
ThO, in 10 c.c., 20-30 c.c. of alcohol (95%) was added. The solution was warmed to 
50°-60° and thorium precipitated by adding an excess of a saturated solution of stearic 
acid in alcohol. The precipitate dissolved almost completely on boiling the solution for 
15 to 20 minutes. It, however, reappeared on allowing it to stand for a few minutes. It 
was set aside for two hours and filtered through a Whatman No. 42. The precipitate was 
washed with cold alcohol, dried and converted into ThO, by ignition. One set of typi- 
cal results is tabulated below. From a review of the literature (Neish, loc. cit.) as also 
from results of our trial observations embracing a wide range of operative conditions, it 
was found that thorium determination might be carried out simply and within o.1 % 
accuracy by precipitation with m-nitrobenzoic acid. These data are therefore taken 


as standard and shown under column 2 in Table I. 
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TABLE I 
Expt. Wt. of ThO, Wt. of ThO, Difference. Remarks. 
No, (m-nitrobenzoic acid). (stearic acid). 

I 0.0602 g. 0.0628 0.0026 Precipitate ignited 
a 0.0796 0.0816 0.0020 without boiling. 
3 0.1164 0.1163 0.0001 ) Precipitate ignited after 
4 0.1152 0.1154 0.0002 boiling for about 15-20 
5 0.0924 0.0926 0.0002 minutes 
6 0.1378 0.1378 Nil 


The pu of the stock solution used in these experiments was 3.5. Numerous experi- 
ments were carried out to ascertain the influence of a change of pu. ‘These results showed 
no special advantage accrued by adjusting the p, of the solution prior to precipitation 
with stearic acid. It was found, however, that the accuracy of the results improved 
sensibly by heating the solution to boiling at least for about 15 minutes after the addition 
of the reagent. Thus, e.g. in Expts. 1 and 2 (cf. Table 1), the difference in the weight 
of ThO, obtained by precipitation with m-nitrobenzoic acid and stearic acid in cold was 
0.0026 and 0.002 respectively. This decreased sharply to 0.0002 (Expts. 3-5) and was 
practically negligible (Expt. 6) on allowing the precipitate to boil for 15 minutes or a 
longer period. The precipitate obtained with stearic acid was amorphous and volumi- 
nous ; it was not therefore practicable to estimate ThO, in quantities greater than 0.2 g. 
in a single operation. Subject to this limitation the results show that the method is 
satisfactory in so far as the estimation of thorium from a solution of its pure salts is 


concerned. 


During the course of experiments to test the applicability of the above procedure 
fur the thorium analysis of a naturally occurring mineral it was observed that stearic 
acid precipitated cerium and the other familiar congeners of thorium. ‘The stearic 
acid method is not therefore applicable for thorium estimation in their presence. 

Pyrogallic Acid.—The fx of the thorium solution used for the estimation 
was 3.5. Addition of the precipitant prior to the adjustment of the pa produced 
low results indicative of the incomplete precipitation of thorium (Table II). A 
series of experiments were carried out in which the influence of p, by the addition 
of aqueous ammonium acetate solution was investigated. A 10% solution was most 
convenient. The variation of pa from 4to5 showed a marked improvement in the 
results (Expt. 2, Table II). It was found that the precipitation of thorium was 
quantitative in a px range 5-6 (cf. Expts. 3-8, Table II). As a result of the various 
experiments done, data of the most representative type were obtained by adopting the 


fellowing procedure, 


To 1o ml. of the thorium salt solution 5-10 mls. of 10% ammonium acetate were add- 
ed followed by a fresh concentrated solution of pyrogallic acid prepared in air-free water. 
The white precipitate which turned brown slowly on standing was allowed to settle down 
for about 6 hours or heated to 90° for two minutes and kept aside for three hours. It 
was then filtered, washed thoroughly with hot water, dried in a steam-oven and ignited 
to a constant weight as ThO, (Table II). 
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TABLE II 
Expt. Wt. of ThO, Wt. of ThO, Difference, Remarks. 
No. (m-nitrobenzoic acid). (pyrogallic acid.) 
I 0.0796 g. 0.0524 g. 0.0272 Without adding buffer. 
2 0.0640 0.0617 0.0023 } pu between 4 and 5. 
0.0624 0.0017 § 
3 0.0796 0.0796 Nil pu between 5 and 6. 
4 0.c640 0.0634 0 0006 ea 
5 0.1152 0.1154 ©.0002 * 
6 0.1164 0.1164 Nil “ 
7 0.0922 0.0924 0.0002 re 
8 0.1378 0.1379 0,001 Be 


Results of a series of experiments with pyrogallic acid as a specific precipitant for 
thorium from its solutions mixed with other rare earth salts led to high results; 
these were traced to the co-precipitation of the other rare earths. These observations 
therefore restrict the use of pyrogallic acid to the estimation of thorium in its pure salt 
solutions. 

m-Hydroxybenzoic Acid.—The addition of a saturated (hot aqueous) solution of 
m-hydroxybenzoic acid to a boiling solution of thorium chloride ‘or nitrate) threw down 
a heavy white precipitate. Its subsequent conversion into ThO,, however, produced low 
results (Expt. 1, Table II1) indicative of the incomplete precipitation of thorium. This 
might be due to the low px of the original solution corresponding to 3.5 which decreased 
further on the addition of the precipitant. A suitable adjustment of the hydrogen-ion 
concentration of the medium prior to the addition of the precipitant was therefore con- 
sidered necessary for complete precipitation uf thorium, and it was effected by the addition 
of an aqueous 10% ainmonium acetate solution. Since the results improved markedly with 
the gradual increase of fu, a series of experiments were made to ascertain the conditions 
appropriate for the quantitative precipitation of thorium. The following procedure 
was adopted finally. 

To 10 ml. of the thorium solution ammonium acetate was added carefully to adjust 
the pu between 5.5 and 6.0 and thorium was precipitated completely as usual by m-hy- 
droxybenzoic acid solution. The contents were boiled for about an hour and the preci- 
pitat2 was allowed to settle for 15 to 20 minutes. It was then filtered, washed several times 
with hot water till free from the precipitant, dried in an air-oven and ignited to a constant 
weight as ThO,. Using pure thorium chloride solution the results in Table III (Expts. 
2 and 3) show that the difference between the observed and calculated values does not 
exceed 0.5%. 

TABLE III 


m-Hydroxybenzoic acid 


Expt. Wt. of ThO, Wt. of ThO in Diff. Wt. of ThO, in Diff. 
(m-nitrobenzoic acid). pure Th soln. Th + Ce™ mixture. 
I 0.0640 g. 0.0441 g. 0.0199 ine site 
2 0.0612 0.0612 Nil coe si 
3 0 0796 0.0795 0.0001 ao es 
4 0.0640 0.0642 0.0002 0.0638 g. 0.0002 g. 
5 0 1164 0.1165 © COO! 0.1164 Nil 
6 O 1152 0.1151 0.0001 0.1154 8.0002 
7 0.0922 0.0936 0.0006 0.0926 0.0004 
8 0.1378 0.1378 Nil 0.1380 0,0002 
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Qualitative tests revealed that unlike stearic and pyrogallic acids, m-hydroxybenzoic 
acid did not precipitate trivalent cerium from hot solutions containing an appreciable 
quantity of ammonium acetate. Since cerium is the principal congener of thorium, 
extracted from monazite sand, the applicability of m-hydroxybenzoic acid to the quanti- 
tative determination of thorium in solutions mixed with an equivalent amount of cerous 
salts was studied. The complete separation of thorium from trivalent cerium obtained 
under the given oPerative conditions {Expts. 4-8, cf. Table III) shows the utilisability 
of m-hydroxybenzoic acid to the estimation of thorium in monazite sand. 

The authors’ sincere thanks are due to Professor S. S. Joshi for advice and kind 


interest in the work and to the National Institute of Sciences of India for the award 
of a research fellowship to one of us (G. S. D.). 
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STUDIES IN FRIES MIGRATION. PART VIII. FRIES MIGRATION OF 
THE ACYL ESTERS OF METHYL 2:4-DIHYDROXY-s-ETHYL- 
BENZOATE AND THE CORRESPONDING ACID 





By J. I. Serarvap, G. C. Amin AND N. M. SHAH 


The Fries isomerisation of the acetyl! and benzoyl esters of methyl 2: 4-dihydroxy-5-ethyi- 
benzoate and the corresponding acid has been investigated and methyl 2: 4-dihydroxy-3-acetyl 
(or benzoyl) -5-ethylbenzoate and/or the corresponding acid have been obtained, the 
migration taking place to the difficultly accessible y- position of the resorcinol nucleus. The 
constitution of the migration product has been proved by decarboxylating the keto-acid to 2-acetyl 


(or benzoyl) -4-ethylresorcinol. 


In extension of the work described in the previous part of this series (Amin and 
Shah, this Journal, 1952, 29, 351) the present investigation was undertaken with a 
view to studying the effect of constitutional factors on the course of the above Fries 
migration. Various substituted methyl! 8-resorcylates and {-resorcylic acids have been 
investigated for this purpose. The work described in this paper deals with the Fries 
isomerisation of the acetyl and benzoyl esters of methyl 2:4-dihydroxy-5-ethyl- 
benzoate (I, R=COMe or COPh) and the corresponding acid. 

Methyl 2:4-diacetoxy-5-ethylbenzoate (I, R = COMe) on heating with anhydrous 
aluminium chloride at 125°-130° gave a .product, to which the constitution, methyl 
2: 4-dihydroxy-3-acetyl-5-ethylbenzoate (II, R=COMe; R,=Me) has been assigned, 
as (i) it gives a positive ferric chloride colour test, (ii) it is hydrolysed to 2:4- 
dihydroxy-3-acetyl-5-ethylbenzoic acid (If, R=COMe; R,=H), identica! with the keto- 
acid obtained by the Fries migration of 2-hydroxy-4-acetoxy-5-ethylbenzoic acid (III) des- 
cribed later, (iii) the keto-acid (Il, R=COMe ; R,=H) was esterfied to methyl keto-ester 
(II, R=COMe; R,=Me) identical with the migrated product, and (iv) the keto-acid 
(II, R=COMe; R,=H) on decraboxylation gave 2-acetyl-4-ethylresorcinol (IV, 
R=COMe), identified by its direct comparison with an authentic sample prepared 
by the method of Desai and Ekhlas (Proc. Ind. Acad. Sci., 1938, 8A, 197). 
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The above reaction at 90°-100° gave only the unchanged diacetoxy ester (I, 
R=COMe), no migration taking place. 
Methyl 2:4-dibenzoyloxy-5 ethylbenzoate (I, R=COPh), obtained from methyl 





5-ethyl-8-resorcylate, was similarly subjected to the Fries reaction at 120°, the unchanged 
dibenzoyl ester (I, R=COPh) being recovered. However, the migration could 
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be satisfactorily effected at 150°. The migration product obtained was found 
to be a mixture which was separated by treatment with sodium bicarbonate 
solution { 5%), when a part of it dissolved with effervescence leaving a small 
portion as an insoluble product (R). The bicarbonate solution on acidfication gave 
2:4-dihydroxy-3-benzoy'-5-ethylbenz»ic acid (If, R=COPh; R,=H), which = on 
decarboxylation gave 2-benzoy!-4-ethylresorcinol (IV, R=COPh), identical with an 
authentic sample prepared according to Thakor and Shah (this Journal, 1946, 28, 423). 
The keto-acid (II, R=COPh ; R,=H) on esterification gave a product, identical with 
the bicarbonate-insoluble product (R), obtained in the above migration. Hence, the 
product (R) is methyl 2: 4-dihydroxy-3-benzoyl-5-ethylbenzoate (II, R=COPh; R, 
= Me), confirmed by its hydrolysis to the keto-acid (II, R=COPh ; R,=H). 

The migration at higher temperatures, viz., 170°-180° of both the above acetyl and 
benzoyl esters, gave only the keto-acids (Il, R=COMe or COPh; R,=H) in 
diminished yield, the hydrolysis occurring simultaneously with the migration. It is 
notewothy that in both the migrations, only one of the two acyl groups migrates to the 
y-position of the resorcinol nucleus, while the other is eliminated. 

The Fries migration of the monoacetyl derivative of 2:4-dihydroxy-5-ethylbenzoic 
acid at 140°-r50° gave 2: 4-dihydroxy-3-acetyl-5-ethylbenzoic acid (II, R=COMe ; 
R,=H), identical with the same acid described before. 4 

The above migrations were also tried with nitrobenzene as a solvent. It was found 
that the solvent had no inhibiting effect on the migration. 

The results thus show that the Fries isomerisation of methyl 2:4-diacyloxy-5-ethyl- 
benzoate takes place in the difficultly accessible y-position of resorcinol nucleus, ethyl 
and carboxyl or carbomethoxy groups in the 8-positions having no inhibiting effect 
on the migration. The benzoyl group requires a higher temperature for migration than 
the acetyl one, a behaviour in conformity with the general observation that the aroyl 
group behaves differently from the aliphatic acyl one. Incidentally, the work provides 
an easy method for the preparation of 2-acyl-4-ethylresorcinols from 8 resorcylic acid 
derivatives. 


ExPERIMENTAL 


2: 4-Dihydroxy-5-ethylbenzoic acid and its methyl ester required for this 
investigation were prepared by the following series of reactions : Resacetophenone, 
prepared by the Nencki method (Nencki and Sieber, J. prakt. Chem., 1881, 28, 147) as 
modified by Robinson and Shah ‘J. Chem Soc., 1934, 1494), was reduced to 4-ethyl- 
resorcinol by the Robinson-Shah modification (loc. cit.) of Clemmensen reduction 
(Ber., 1914, 47, 54). 4-Ethylresorcinol was carboxyiated to 2 : 4-dihydroxy-s- 
ethylbenzoic acid, which on esterification with methyl alcohol in presence of 
a few drops of sulphuric acid gave methyl 2: 4-dihydroxy-5-ethylbenzoate (Sethna 
and Shah, J. Chem. Soc., 1938, 1066). 

(A) Fries Migration of Methyi 2: 4-Diacetoxy-5-ethylbenzoate 

Methyl 2 :4-diacetoxy-5-ethylbenzoate (I, R=COMe) was prepared by heating me- 
thyl 2: 4-dihydroxy-5-ethylbenzoate ‘9 g., 1 mol.), acetic anhydride (8.0 g., 
2.2 mols.) and fused sodium acetate (9 g.) on a boiling water-bath for 3 hours. The 
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cooled mixture on treating with ice-cold water gradually solidified. It was collected 
and crystallised from alcoho! as small colorless prisms, m.p. 81°, yield 6 g. 
(Found: C, 59.9; H, 5.6. C,4H iO, requires C, 60.0; H, 5.7 per cent). 


It is insoluble in sodium bicarbonate or cold sodium hydroxide and gives no colour 
with alcoholic ferric chloride. 


Migration of (I, R=COMe) : Formation of Methyl 2: 4-Dihydroxy-3-acetyl- 
s-ethylbenzoale (II, R=COMe; R,=Me) .—An intimate mixture of the diacetoxy 
ester (2.0 g., 1 mol.) and anhydrous aluminium chloride (3.2 g., 3.3 mols.) was heated 
at 125°-130° for about au hour. Hydrochloric acid fumes began to evolve at 100”, 
which subsided within half an hour. The yellowish solid obtained after decomposition 
of the reaction mixture by ice and HCl (5 c.c.) crystallised from alcohol as clusters 
of silky needles, m.p. 77°, yield 0.8 g. (Found: C, 60.4; H, 5.8. C,,H,,.O 
requires C, 60.5 ; H, 5.8 per cent). : 

The keto-ester dissolves in cold sodium hydroxide with a yellow colour and gives 
a dark violet colour with alcoholic ferric chloride. It is soluble in common organic 
solvents but sparingly soluble in petrol. 


The semicarbazone, prepared by the usual method, crystallised from alcohol, m.p. 
226° (decomp.). 


o/ 


The hydrolysis of the above ketu-ester (1.0 g.) by sodium hydroxide (20 c.c., 10%) 
by keeping at room temperature for 24 hours gave 2: 4-dihyd:oxy-3-acetyl-5-ethy]- 
benzoic acid (II, R=COMe ; R,=H) which crystallised from dilute alcohol as_ short 
needles, m.p. 188° ‘efferv.). yield 0.7 g. (Found: C, 58.8; H, 5.32; equiv, 224.2. 
C,,H,.0; requires C, 58.9 ; H. 5.3 per cent. Equiv , 224.6). 


The acid gives an intense red colour with alcoholic ferric chloride ; it dissolves in 
sodium hydroxide with a deep yellow colour. It is sparingly soluble in benzene. 

The above migration at 90°-100° for one hour in the usual manner gave the unchanged 
diacetoxy ester (II, R=COMe), identified by mixed m.p. At 170°, the migration 
product obtained was found to be the keto-acid, m.p. and mixed m.p. with the 
keto-acid (II, R=COMe: R,=H) remaining unchanged. 


The above migration was carried out using nitrobenzene as a_ solvent, the 
proportions of the reactants being the saine as before. The reaction mixture protected 
by CaCl, guard-tube was either heated on a water-bath for one hour or left at room 
temperature for 24 hours. It was then decomposed by ice and HCl (5 c.c.) and 
nitrobeuzene was steam-distilled off. The brown residue was extracted with sodium 
hydroxide (5%) and the extract on acidifying gave a yellowish white solid which was 
treated with sodium bicarbonate solution (5%) when a part of it dissolved with 
effervescence. The bicarbonate-soluble portion on acidification gave the keto-acid 
(11, R=COMe;R,=H), identified by m.p. and mixed m-p. with the compound 
obtained before. The bicarbonate-insoluble portion was washed with water and 
crystallised from alcohol, m.p. 77° and mixed m.p. with the keto-ester ‘II, R=COMe ; 
R,= Me) was undepressed. 
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The cold filtrate after removal of the brown residue gave a small quantity of the 
same keto-acid. 


Decarboxylation of (II, R=COMe ; R,=H) : Formation of 2-Acetvl-4-ethyl- 


sesorcinol (IV, R=COMe).—The acid (1 g.), distilled water (100 c.c.) and a few drops 


of HCI (conc.) were refluxed together for 20 to 24 hours on asand-bath. The reaction 


washed with sodium 


mixture on cooling gave a yellow solid. It was filtered and 
bicarbonate solution (5%) and then crystallised from dilute alcoho! as light lustrous, 


~ 


short yellow needles, m. p. 130°, yield 0.5 g. Desai and Ekhlas (loc. cit.) give m. p. 


° 


. 

The ketone gives an intense green colour with aicoholic ferric chloride and a 
deep non-fluorescent yellow colour with cold alkali. It is very soluble in alcohol, but 
less soluble in water. The semicarbazone of the above ketone, prepared by the usual 
method, crystallised from alcohol, m.p. 252° ‘decomp.). Desai and Ekhlas (lec. cit.) 
give the same m. p. 

2-Acetyl-4-ethyiresorcinol (0.5 g.) was condensed with ethyl acetoacetate (1.0 g.) 
in presence of sulphuric acid (75%, 3.c.). The resulting 8-acetyl-7-hydroxy-6-ethyl- 
4-methyleoumarin crystallised from alcohol in pale yellow flaky needles, m. p. 139°. 
Desai and Ekhlas (loc. cit.) give ths same m. p. Limaye and Limaye (Rasayanam, 
1941, 1, 201} give m. p. 137°. Thakor and Shah (‘this Journal, 1946, 23, 234) give 
m. p. 140°. 

(B) Fries Migration of Methyl 2: 4-Dibenzoyloxy-5-ethylbenzoate 


Methyl 2: 4-dibenzoyloxy-5-ethylbenzoate (I, R=COPh) was prepared by 
benzoylation of methyl 2: 4-dihydroxy-5-ethylbenzoate. The solid obtained was 
collected and crystallised from alcohol as colorless short meedles, m.p. 125°. 


(Found: C, 71.1; H, 4.0. C.sH20O. requires C, 71.2;H, 4.9 per cent). 
It is insoluble in alkali and does not give ferric chloride colour test. 


Fries Migralion of ‘I, R=COPh) :Formation of Methyl 2: 4-Dihydroxy-3-benzoyl- 
5-ethylbenzoate and the corresponding Acid (II, R=COPh ; R,=Me or H).--(1). An 
intimate mixture of the ester (1, R=COPh) (3 g., 1 mol.) and anhydrous aluminium 
chloride (3.3 g., 3.3 mols.) was heated at 150° for one hour. After cooling, it was 
treated with ice and HCl {5 c.c.). The product obtained did not melt sharply. It was 
treated with sodium bicarbonate solution (5%) and filtered. ‘The insoluble residue 
was washed with water and crystallised from methyl alcohol in smali needles, m. p. 
123, yield 0.8 g. (Found: C, 68.1; H, 5.2. C,;H,.O; requires C, 68.0; H, 5.3 
per cent). 

The bicarbonate filtrate on acidification gave a solid which after crystallisation 
from alcohol melted at 194° (decomp.), yield o.8g. (Found: C, 67.0; H, 4.8; equiv., 
285. C,.H,,O; requires C, 67.1;H, 4.9 per cent. Equiv., 286). Both the above keto- 
ester and the acid disse!ve in alkali with a deep yellow colour. They give an intense 
purple colour with alcohvlic ferric chloride. Both are soluble in common organic 


solvents but the acid is sparingly soluble in beuzene and petrol. 
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(2). ‘The above migration at 120° for one hour gave the unchanged dibenzoyloxy 
ester, identified by m. p. and mixed m. p. 

{3). The migration at 170° gave the acid (II, R=COPh ; R,=H) only, hydrolysis 
occurring during the migration. 

(4). The migration was also carried out in nitrobenzene as a solvent. The product, 
after removal of nitrobenzene by steam-distillation, was treated as before. The yellow 
solid was found to bea mixture of the keto-ester and the acid (II, R=COPh ; R,=H 
or Me’. They were separated as before and identified by mixed melting points with the 
above samples, 

The hydrolysis of the keto-ester (II, R=COPh; R,=Me) by alkali gave the 
acid (II, R=COPh ; R, =H), identified by the mixed m.p. with the acid described above. 

The keto-acid (II, R=COPh ; R,=H) was esterfied by refluxing it with methyl 
alcohol in presence of a few drops of sulphuric acid on a water-bath for 18 hours. On 
cooling and diluting with water, it gave a solid which was washed with bicarbonate 
solution and crystallised from alcohol in needles, m. p. 123° ; mixed melting point 
with the keto-ester (II, R=COPh ; R=Me) obtained before was undepressed. 

The semicarbazone of the keto-acid, prepared by the usua! method, crystallised from 
alcohol in needles, m. p. 260° (decomp.). 

The decarboxylation of the keto-acid (1 g.) was carried out by dilute hydrochloric 
acid (1:1, 15 c.c.) in a sealed tube at 160°-170°. The solid was washed with 
bicarbonate solution and then crystallised from alcohol in greenish, shining, flat needles, 
m. p. 125°, mixed m.p. with 2-benzoyl-4-ethylresorciunol (IV, R=COPh), obtained 
by the method of Thakor aud Shah (loc. cit.!, remaining undepressed. Desai and 
Mavani (Proc. Ind. Acad. Sci., 19047, 25A, 344) give m. p. 128°. The dibenzoate of 
the above ketone (IV, R=COPh), prepared ty Schotten-Baumann method, crystallised 
from acetic acid, m. p. 59°-60°. Thakor and Shah ‘Joc. cit.) give the same m. p. 

The Pechmann condensation of (IV, R=COPh) with ethyl acetoacetate in 
presence of sulphuric acid (75%) gave 8-benzoyl-7-hydroxy 6-ethyl-4-methylcoumarin, 
crystallised from acetic acid in yellow flaky needles, m. p. 160°, mixed m. p. with an 
authentic sample being uadepressed. 


(C) Fries Migration of 2-Hydroxy-4-acetoxy-5-ethylbenzoic Acid 


2-Hydroxy-4-acetoxy-5-ethylbenzoic acid (lil) was prepared by adding a drop of 
concentrated sulphuric acid to the solution of 2: 4-dihydroxy-5-ethylbenzoic acid (5 g.) 
in acetic anhydride (6.2 g.) and leaving the mixture at room temperature for 30 minutes, 


On working it up a snow-white solid was obtained. It was collected and crystallised 
58.8; H, 5.27; 
it 


from hot water as needles, m. p. 136°, yield 3.0 g. (Found: C, 
equiv., 224.8. C,,H,,0; requires C, 58.9; H, 5.35;per cent. Equiv., 224.0). 
gives a red colour with alcoholic ferric chloride. 

Fries Migration of (III).—(1). The acetoxy-acid (III ; 3.0 g., 1 mol.) and anhydrous 
aluminium chloride (6.0 g., 3.3 mols.) were heated together at 140°-150° for one hour. 
On working it up as before, a yellowish solid was obtained. It was extracted with 
bicarbonate solution (5%) when most of it dissolved in it with effervescence. The 
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bicarbonate solution on acidification gave a solid, which crystallised from dilute 
alcohol, m. p. 188° (decomp.), yield, 1.5 g., mixed m.p. with 2: 4-dihydroxy- 
3-acetyl-5-ethylbenzoic acid obtained in (A) being updepressed. 


(2). The above migration at 170°-180° gave the same keto-acid (II, R=COMe ; 
R, =H) but in diminished yield. 


(3). The above migration was carried out in nitrobenzene asa solvent as before, 


the same keto-acid being obtained. 

The methyl ester of the acid (Il, R=COMe ; R, =H), prepared by refluxing it with 
excess of methyl alcohol in presence of a few drops of concentrated sulphuric acid, 
crystallised from alcohol in needles, m.p. 77° ; mixed m. p. with the keto-ester obtained 
previously was undepressed. 

M.R. Science INstiTutTr, Received May 3, 1952. 
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PLANT ALKALOIDS. PART 1V. BERBERIS HIMALAICA, AHRENDT 
AND B. TINCTORIA, LESCHENAULT 


By R. CHATTERJEE, M. P. Guua Anp A. K. Das Gupta 


Together with berberine and jatrorrhizine, a new alkaloid, I-himanthine, isomeric with oxyacan- 
thine and berbamine, has been reported from Berberis himalaica, Abrendt. Berbamine, berberine, 
palmatine and jatrorrhizine have been identified from B. tinctoria, Leschenault 


Berberis himalaica has been reported for the first time in r94t by Ahrendt (J. Bot. 
Suppl., 1941, 68) as collected by Ludlow and Sheriff during their botanical expedition 
to Bhutan in October, 1934. It is a shrub with shining yellowish brown, slightly 
grooved branches. About 4 kg. of the stem bark of the plant was sent for chemical 
examination by the Forest Manager, Sikkim State, during i943. The plant material 
has yielded berberine, jatrorrhizine, and a small quantity of a new alkaloid, C;;H,yO<N2, 
isomeric with oxyacanthine and berbamine. It has been proposed to call it himanthine, 
in analogy to the name of the isomeric base, oxyacanthine. It appears that it has the 
same nucleus as in oxacanthine and berbamine, for it shows almost identical ultraviolet 

Fig. 1 


absorption spectra with maxima at 38004 and 
3.0 


minima at 35004 (Fig. 1), and the same colour 


reactions of oxyacanthine and berbamine.It con- 
tains three methoxy! groups and two iminomethyl 
groups. It can be crystallised from methanol ; it 
melts at 206-207°. It is highly soluble in chlo- 
roform. It differs from oxyacanthine and ber- 
bamine in being laevorotatory. Unfortunately 
more plant material could not be procured for 
further examination of the new alkaloid. 








--Himanthine. 
...Berbamin. 


The root of another species of Berberis, B. tinctoria (Mem. Mus. Paris, 1822, 306) 
has been examined in this connection to identify the alkaloids berbamine, berberine, 
palmatine and jatrorrhizine. This species grows in Ootacamund from where the plant 
material was obtained by the courtesy of the Forest Department, Madras. 


ExPERIMENTAL 


Alkaloids from the Bark of B. Himalaica.—Air-dried, well powdered (60 mesh) bark 
(3 g.) was first percolated with cold ethanol for seven days and exhaustively with warm 
ethanol for 20 hours till the ethanolic solution was pale yellow. Both the solutions 
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were bulked together, the solvent was distilled off at a reduced pressure, and the sticky 
brown residue {300 c.c.) was well cooled, filtered and treated with ammonium hydroxide 
when an amorphous precipitate was obtained. The mixture was extracted with ether. 


The Ether Layer.—The ether solution (1500 c c.) gave a bluish violet fluorescence. 
On removal of ether a pale brown crystalline residue (5.2 g.) of crude himanthine was 
obtained, which was purified by repeated crystallisations from dry methanol as color- 
less, glistening needles, m.p. 206-207°. Yield of the pure product was 2.5 g. [Found: 
C, 72.3, 72-3; H, 6.64, 6.9; N, 4.8, 4.85; OMe, 15.1; NMe, 9.4; M.W., 550 (Rast). 
C37H,O<eN, requires C, 72.9; H, 6.6; N, 4.6; OMe, 15.3; NMe, 9.5 per cent. M. W., 
608). It is found that the observed molecular weight is lower than the theoretical value. 
Such observations have also been made by other workers in this field of bisbenzyliso- 
quinoline alkaloids (Chen and Chen, J. Biol. Chem., 1935, 109, 681; Kondo and Yano, 
Annalen, 1932, 497, 90). 


The Aqueous Layer.—The aqueous solution (2000 c.c.) was ice cooled and treated 
with concentrated hydrochloric acid to make the concentration of the acid 1%, and the 
solution was kept in the 1efrigerator to separate yellow crystalline precipitate of ber- 


berinium chloride which was filtered. Yield 10 g. 


The yellow chloride {o.1 g.) was dissolved in water (10 c.c.) and mixed with 10% 
aqueous sodium hydroxide solution (2 c.c.), warmed to 50° and mixed with acetone 


(5 c.c.) with constant stirring and allowed to cool in the room temperature, to obtain 
lemon-yellow crystals ‘0.07 g.) of the acetone compound. ‘The crystals meited at 160° 
and did not depress the m.p. of an authentic sample of berberine-acetone, m.p. 168-60°. 

Berberine Chloroplatinate.—The chloroplatinate of the base was obtained in the 
usual manner from the yellow chloride. [Found: Pt, 18.07. Calc. for (C..H,;0,N)>, 
H,PtCl,: Pt, 18.02 per cent]. 

The Filtrate.—The solution (2000 c.c.) after the separation of berberinium chloride 
was treated with charcoal, filtered and then treated with zinc dust (10 g.) and a mixture 
of glacial acetic acid (120 c.c.) and concentrated hydrochloric acid (75 c.c.) on a water- 
bath. The reduced solution was then filtered, cooled and made alkaline with ammonia, 
On further cooling in ice a pale yellow base was obtained; the mixture was extracted 
with ether and the aqueous layer rejected. The ethereal solution was first washed with 
cold water, and then treated with a 5% sodium hydroxide solution (100 c.c.) in small 
instalments, when a dark brown alkali layer separated out indicating the presence of 
a phenolic base. 


The dark brown alkali layer was immediately cooled in ice, and acidified with 
concentrated hydrochloric acid, when the hydrochloride separated as a pale brownish 
solid. It was further cooled and treated with ammonia when the volume of the pre- 
cipitate increased. The mixture was extracted with ether; on removal of the solvent 
a pale yellow solid (0.3 g.) was obtained, which was purified by repeated crystallisations 
from methanol as colorless needles, m.p. 203-204°. It did not depress the m.p. of 
tetrahydrojatrorrhizine, m.p. 203-204°, obtained in this laboratory from Coptis teeta 
(this Journal, 1952, 29, 97). (Found: C, 70.24; H, 6.56. Calc. for CooH.;0,N : C, 60.68; 
H, 6.37 per cent). 
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The crystals (0.05 g.) were dissolved in the least quantity of methanol and oxidised 
with iodine in methanol, to obtain crystals of jatrorrhizine iodide, m.p. 210-12°, no 
depression on mixing with an authentic sample of jatrorrhizine iodide, m.p. 210-12°. 


The ether layer, free from alkali, on distilling off the solvent left a residue (0.3 g.) 
which crystallised from methanol, m.p. 172°, and did not depress the m.p. of tetrahy- 
droberberine, m.p. 172-73°. 

Alkaloids from the Root of B. Tinctoria.—Air-dried, well powdered (60 mesh) root 
(1000 g.) was worked in the manner as described previously in the case of the bark of 
B. himalaica. 

The ether layer yielded a colorless crystalline base (0.4 g.), m.p. 156°, which was 
found to be identical with berbamine, by comparison of colour reactions and other 
properties. (Found: C, 72.8; H,6.9; N, 4.7. Calc. for CspHyO,.N;: C, 72.9; H, 6.6; 
N, 4.6 per cent). 


TABLE I 


Colour reactions of oxyacanthine, himanthine and berbamine. 


Reagent Colour, 
(a) Concentrated sulphuric acid and nitric acid one Brownish red 
(b) Concentrated nitric acid om Brown 


(c) “Ferric chloride and potassium ferricyanide solution ove Blue 


TABLE IT 


Alkaloids, M.p. Specific rotation. 


(a) Oxyacanthine 216° in vacuo 
(b) Himanthine 206-207° 


(c) Berbamine 155-56" é; [a]p 108°.6 


[a] +109°.7 


TABLE III 
Alkaloid from B. tinctoria. Berbamine, 
M.p. aie 156° 156° 
Formula eee Cs7HygOgN, (from combustion analysis) Cy7H gOgNe 
Nature shin Colorless needles Colorless needles 


Optical rotation [2], ” +109°.7 (chloroform) [2] +108.°6 (chloroform) 


Colour reaction... Blue colour to ferric chloride and pota- Blue colour to ferric chlo- 
ssium ferricyanide solution ride and potassuim ferri- 
cyanide solution 


5—1801P—12a 
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TaBLe IV 
% Alkaloids. 


Alkaloids. B. tinctoria. B. himalaica. 
(root.) (stem bark) 


Berbamine 0.04 _ 
Himanthine _ 0.08 
Berberine 2.30 0.30 
Palmatine 0.003 -- 
Jatrorrhizine . 0.010 0.010 


The aqueous layer yielded berberinium chloride (24 g.) which was identified by the 
undepressed m.p. of a mixture of the tetrahydro compound, m.p. 172°, and an authentic 
sample of tetrahydroanhydroberberine, m.p. 172° and also of a mixture of acetone 
compound, m.p. 168-69° and an authentic sample of berberine-acetone, m.p. 168-69°. 


The filtrate, corrseponding to that of B. himalaica, yielded the reduced base (0.03 
g.), m.p. 141-42°, and was identified to be tetrahydropalmaiine, m.p. 141-42°, no depre- 
ssion in m.p. of the mixture. It also produced another phenolic base (0.1 g.), m.p. 
203-204°. (Found: C, 70.1; H, 6.4. Calc. for Czo>6H2,30.N : C, 69.68; H, 6.37 per cent). 
On oxidation with iodine solution it yielded jatrorrhizine iodide, m.p. 210-12°. No 
depression in m.p. when mixed with an authentic sample of jatrorrhizine iodide, m.p. 


210-12°. 
The authors’ thanks are due to Professor N. K. Sen, Head of the Department of 
Chemistry, for laborotary facillties. 
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A STUDY ON SALT BRIDGES 


By B. Nayak, S. ApDITYA AND B, PRASAD 


A number of calomel cells have been studied with a large number of bridge solutions containing 
mono-mono, mono-bi, bi-mono and bi-bivalent salts. It is found that ({) solutions of bi-bivalent salts 
are unsuitable for being used as bridge solutions ; (ii) Bjerrum's method of calculating E.M.F of cells 
without liquid junction potential has no general significance ; (fii) saturated and 4M potassium bromide 
solutions eliminate liquid junction potential better than any other salt bridge. The closeness in the 
magnitude of cationic and anionic mobilities does not seem to be the essential feature of a good bridge 
solution, 

Salt bridges have long been used for the purpose of eliminating liquid junction 
potentials in the measurements of the E.M.F. of concentration cells. Saturated solutions 
of potassium chloride and ammonium nitrate are commonly employed for the purpose 
with definite advantages. Fales and Vosburgh (J. Amer. Chem. Soc., 1918, 40, 1291) 
reported that there was no liquid junction potential between 4.1 N potassium chloride solu- 
tion and 0.1 to 0.01 M hydrochloric acid. The efficiency of a saturated potassium chlo- 
ride solution and a saturated ammonium nitrate solution in eliminating liquid junction 
potential is ascribed to the fact that in these salts the mobilities of cations and anions are 
almost equal. This led Takegami (Mem. Coll. Sci., 1924, 7, 45) to devise mixture bridges 
in which the average mobilities of the anions and cations were exactly equal. No work 
seems to have been done to ascertain whether complete equality in the magnitude of 
anionic and cationic mobilities is essential for a bridge solution to be efficient. More- 
over, had this been rigidly true, potassium chloride which has got anionic and cationic 
mobilities almost equal, should have been always an ideal bridge solution; but contrary 
to expectation, Scatchard (J. Amer. Chem. Soc., 1925, 47 696) observed that there existed 
a certain junction potential at the boundary of saturated solution of potassium chloride 
and dilute hydrochloric acid, the magnitude of which did not depend upon the acid 
concentration. So it was thought worthwhile to examine some bridge solutions contain- 
ing different types of electrolytes. Some mixture bridges including one, proposed by 
Takegami, have also been tried. Bjerrum (Z. physikal. Chem., 1905, 53, 428) reported 
that 3.5N potassium chloride solution eliminated twice as much liquid junction 
potential as 1.75N potassium chloride solution. Thus, if ‘e’ is the true E.M.I. of the 
cell when junction potential is eliminated ‘es.’ isthe E.M.F. when 3.5N potassium 
chloride solution is used as the bridge, and ‘e,.;,’ represents the value when 1.75N solu- 
tion is used, then 

€s-5—e = § (e,.r5—e). 

It was considered desirable to see if this method of finding ‘e’ can be extended to 
other salt bridges. Several cells with a number of different salt bridges were studied. 
The following mixture bridges and bridges half as concentrated as these were also used: 

(1) A solution saturated with respect to KCl and NH,NO,. 

(2) A solution containing 223.6 g. of KCl and 242.2 g. of KNO, as prepared by 
Takegami. 

(3) A solution saturated with respect to KCl and 1M with respect to Am. acetate. 

(4) A solution saturated with respect to KC] and o.5M with respect to Am. acetate. 
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The results are given in Table I. The measured value of E. M. F. is indicated by 
‘E’ and the difference between the expected and observed E. M. F. is indicated by AE. 
When the expected value of the E. M. F. is zero, E becomes numerically equal to AE. 
All the E. M. F. readings including AE are given in millivolts. 


ExPERIMENTAL 


Mercury employed in the preparation of calomel celis in Table I, was, after prelimi- 
tiary cleaning by usual methods, distilled under reduced pressure as proposed by Hulett 
(Z. physikal. Chem., 1900, 28, 611.). For cells numbering from 1 to 5 the calomel used 
was B. D. H., B. P. variety, free from iron and other impurities. For cells numbering 
from 6 to 12 chemically precipitated calomel, as recommended by Hills and Ives (Nature, 
1950, 168, 530) was used. The hydrochloric acid, used for filling of the half cells, was 
Kahlbaum’s proanalysed sample. The solutions were standardised against standard 
borax solutions (Vogel, ‘‘Quantitative Chemical Analysis’). Sodium chloride and 
potassium chloride were A. R. samples, each of them was once again crystallised from 
distilled water, dried in an air-oven and finally stored up in a vacuum desiccator. Con- 
ductivity water, obtained by twice redistilling ordinary distilled water in an all pyrex- 
glass apparatus, was used throughout. The vessels and the bridge were exactly of the 
same shape as used by Nath, Aditya and Prasad (this Journal, 1951, 28, 683) and with 
the bridge of this type E. M. F. readings were almost constant for nearly 24 hours. 
For filling the calomel electrodes, all the conditions suggested by Hills and Ives (loc. cit.) 
were observed. The E. M. F. was measured with the help of a Leeds and Northrup 
K type potentiometer at 35+0.02° in an electrically regulated air thermostat. Dupli- 
cate experiments were performed for each combination and the duplicates agreed within 
o.2 m.v. All half cells containing the same solution were checked against each other 
by joining any two of them with a rubber tube fiiled with the same solution and measur- 
ing the E.M.F. Only such half cells were used in our experiments where E.M.F. 
measured in the above manner did not exceed 0.1 m.v. 


TABLE I 
Cell (x) : Hg | Hg Clg, KCI (0.1M) | bridge | HC! (0.1M), Hg,Cl,| Hg 
E’, the expected value of the E.M.F in the absence of liquid junction potential =0.00 


Bridge solution. 


KCI(4M). KCl(2M). NH,4NO,;(10M). NH yNO3(5M). KBr(4M). KRBr(2™). 
2.10 5.87 1.50 4-27 0.12 4.52 
KNO,(3M). KNO3(1.5M). NaNO3(6M). NaNO3(3M). BaCl(1M). BaCl,(o.5M). 
6.35 9.50 — 4.02 0.77 1.50 3-40 
MgSO4(1M). MgSO,(0.5M). K,SO,4(0.5M). KeSO4(0.25M). Na gSO4(2M). NagSO4(1M:. 
22.90 .23.70 25.52 26.75 23.90 24.55 
Mixture bridge Mixture bridge Mixture bridge Mixture bridge 
No. 1. No. 1, half concentrated. No. 2. No 2, ha!f concentrated 
—2.15 1.37 1.97 6.00 
Mixture bridge Mixture bridge Mixture bridge Mixtare bridge 


No. 3. No. 3, half concentrated. No. 4. No. 4, half concentrated. 
15.80 16.55 11.50 13.45 
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Taste I (contd.) 
Cell (2) : Hg | HgyCly, HCI (0.05M) | bridge | KCI (0.1M), Hg,Cl, | Hg. 


KCli(2M). 
15.05 
1.73 


KNO,(1 5M). 
II.1Io 
5.68 


KC1(4M). 
15.92 
0.86 


KNO,(3™). 


13 25 
3-53 
—3.12 
19.90 
Mixture bridge 
No. 1. 


18.20 
2.02 


—3.90 
20.68 


MgS0O,(0.5M). 


E’=16.78. 


Bridge solution. 


NH,NO;(10M). 


17-35 
0.57 


NaNO;(6M). 


19.25 
2.47 


K2S0,4(0.5M). 
—0.67 
17.45 


Mixture bridge 
No. 1, half concentrated. 


16.07 
0.71 


KBr(4M). 
17.27 
0.49 


NH,NO3(5™) 
14.92 
1.86 


NaNO;(3M) BaC!,(1M). 
15-37 16.00 
1.41 0.78 


K,SO, (0.25M). 
—1.52 
18 30 


—1.07 
17.85 
Mixture bridge 
No. 2. 
15.40 
1,38 


Cell (3) : Hg | Hg gCly, NaCl (0.1M) | bridge | KCI (0.1M), Hg,Cl,| Hg. 


KClf2M). 
0.95 


KC1(4M). 
0.57 


KNO;/1.5M). 
1.50 


KNO;(3™M). 
1.47 


MgS0O,(1M). 
3-40 
Mixture bridge 
No. I. 
1.72 


Cell (4): Hg | Hg3Cly, NaCl (0.05M) | bridge | KCl (0.1M), Hg;Cl,| Hg. 


KCl(2™). 
18.90 
2.12 


KC1(4™). 
18.57 
1.79 


KNO;(3M). 


18.77 
1.99 


19.90 
3-19 


MgS0O,(1M). 
19.17 
2.39 


19 It 
2.32 


Mixture bridge 
No. 1. 
19.02 
2,24 


KNO;3(1.5™). 


MgS0,(0.5M). 


E’=0,00. 
Bridge solution. 


NH,NO3(10M). 
2.07 


NaNO;(6M). 
0.92 


MgS0,(0.5M). K2SO,4(0.5M). K SO,(o.25™M). 
3.60 3.70 3.82 2.27 


Mixture bridge 
No, 1, half concentrated. 


1.47 


E’= 16.78. 
Bridge solution. 
NH,NOQ,(10M). 

19.02 
2.24 


NaNO;(6M). 
16.67 
0.11 


K,SO,(0.5M). 


24.07 
7-29 


Mixture bridge 
No. 1, half concentrated. 


18.57 
1.79 


NH,NO3;(5™M). 


1.70 0.55 


BaCl,(1M). 
0.05 


NaNO3(3M). 
1.05 


Mixture bridge 
No. 2. 
0.80 


NH,NO; (5M). 
19.30 
2.52 


17.07 
0.29 


NaNO;(3M). 
16 80 
0.02 


11.85 
493 


K3S0,f0.25M) . 
23.80 
7 02 


23.12 
6.34 


Mixture bridge 
No. 2. 
18.40 
1.62 


Na,SO4(2M). 


KBri4M). 


Na,SO,(2M). 


KBr (4M). 


BaCl,(1™). 


NagS04(2M). 


KBr(2M). 
13.92 
2.86 


BaCl,(0.5™). 
11.42 
5-36 


Na gSO,4(1™). 
—1.65 
18 43 


Mixture bridge 
No. 2, half concentrated. 


12.70- 
4.08 


KBr(2M). 
1.05 


BaCl,fo 5M). 
0.47 


Na,SO,(1M) . 
3.70 


Mixture bridge No. 2, 
half concentrated. 


0.92 


KBr (2M). 
17.40 
0.62 
BaCl,;(0.5™). 
11.27 
5-5! 
Na,_SO,4(1M). 


22 47 
5-69 


Mixture bridge 
No, 2, half concentrated. 


18,40 
1,62 
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Tasie I (contd.) 


Cell (5) : Hg | HgsClg, NaCl(0.01M) | bridge | KCI (0.1M) Hg,Cl,| Hg. 


E’=57.09. 
Bridge solution. 


*KCI(4M). KCI(2M). NHyNOs(icM:. NH,NOg(sM). KBr(4M). KBr(2M). 
56.07 57-30 50.35 60.10 56.00 55.39 
1.02 0.21 Gm tw 3.01 1.09 1.79 


KNO,(3™). KNO,(1.5M). NaNO,(6M). NaNO;(3M). BaCl,(1™). BaCl,(o.5™). 
59.02 58.97 49.80 50.25 36.35 37.80 
1.93 1.88 7.29 6.84 20.74 19.29 


MgSO,(1M). MgSO,(0.5M). KySO4(0.5M). KySO4(0.25M). NagSO4(2M). Na,SO4(1M). 
57.42 56.92 73.80 72.77 68.75 68 so 
0.33 0.17 16.71 15.68 117.66 II 41 


Mixture bridge Mixture bridge Mixture bridge Mixture bridge 
No. 1. No, 1, half concentrated. No. 2. No. 2, half concentrated. 
58.87 58 8s 56.92 56 50 

1.78 - 0.17 0.59 
Cell (6): Hg | HgyCl,, KCl(0.1M) | bridge | HCl(o.1M), Hg.Cl, | Hg. 
E’=0.00. 
Bridge solution. 


Saturated KBr. KBr(4™M). Saturated KCI. KCI‘4M). NH,NO,(satd.) 
0.92 0.12 1.42 2.10 1.50 


Cell(7) : Hg | Hg Clg, KCi(0.05M) | bridge | HCl(o.05M), Hg,Cl, | Hg. 


E’ =0.00. 
Bridge solution. 
KBr(satd.). KBrl{4M). KCl(satd.). KC1(4M). 


0.75 0.20 1.20 1.50 


Cell(8) : Hg | HgsCle, KCl(o.02M) | bridge | HCifo.02M), Hg,Cl, | Hg. 


E’=0.00. 
Bridge solution. 
KBr(satd.). KBr(4M). KCi(satd.). KCl(4M). NH,NO; 


(satd.). 
0 80 0.45 0.90 1.00 1.40 


Cell(o) : Hg | HgyClg, NaCl(o.1M) | bridge | KCl(o.1M), Hg,Cl, | Hg 
E’=0.00. 
Bridge solution. 
KBr(satd.). KBr(4M). KCl (satd.). KCi(4M). 
© 40 0.55 0.40 0.87 


Cell (10) : Hg | HgyClz, NaCl (0.05M) | bridge | KCI (0.05M), HgyCl, | Hg. 


E’=0,00, 
Bridge solution. 
KBr(satd.). KBr(4M). KCI (satd.). KC1(4™). 


0.35 0.57 0.40 0.60 
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TABLE I (contd.,) 


Cell (11) : Hg | HggClg, NaCl(o.02M) | bridge | KClfo.02M), HgyCl, | Hg. 






E’=0.00. 
Bridge solution. 






















KBr(satd,). KBr(4M). KC\(satd.). KCl(4M). NH,NO;. 
(satd.) 
E=AE 0.20 0.35 0.22 0.25 0.55 





Cell(12) : Hg | Hg,Cl,, NaCl(o.01M) | bridge | KCl(o.01M), Hg,Cl,| Hg. 






E’=0.00. 
Bridge solution. 


KBr(satd.). KBr(4M). KC\(satd.). KCI(4M). NH,NO; 
(satd.’. 


0.05 0.20 0.70 0.10 0.42 














TABLE II 
Cell(z). 












Cell(2). 





Cell (4). 





Cell (3). Cell(s5). 





Expected vaiue of E M.F. on 













elimination of liquid junction potential. si 0.00 16.78 0,00 16.78 57.09 
Calculated value 4M and 2M KCl 1.60 18.84 0.55 18.24 58.54 
of E.M.F. with the 10M and 5M NH,NO; 3.77 19.78 1.33 18.78 4° 55 
he!p of Bjerrum's 4M and 2M KBr 4.18 20.62 0.60 16.74 56.70 

inethod 3M and 1.5M KNO; 3.20 15.40 1.45 17.60 59.07 


DiscuUSSION 






Theoretical E. M. F.—All the cells, given in Table I, in the absence of liquid junc- 
tion potential can be calculated with the help of the equation 


E= RT 1% 


F a, 


















where a, and a, are the activities of the chloride ions in electrode (1) and (2) respectively. 
The activity coefficient of chloride ions are found on lines suggested by G. N. Lewis 
(““Thermodynamics”, pp. 379-80). The study of the cells reveal the following :— 

(i) The E. M. F. of cells (1) and (3) should be zero if the liquid junction potential 
is completely eliminated by a salt bridge. If the half cells in (1) and (3) are directly 
connected then the E. M. F. should be 27.84 and 4.65 m.v. respectively as calculated 
from Lewis-Sargent’s equation ‘J. Amer. Chem. Soc., 1909, 31, 363). In the case of 
sulphate bridges the E. M. F. is more or less of the same order as that calculated from 
Lewis-Sargent’s equation referred to above. This shows that the sulphate bridges are 
no good. Other bi-monovalent and mono-bivalent bridges are equally ineffective. 

(ii) Bjerrum’s method of calculating the E.M.F. of the cells seems to have no 
general applicability. ‘The expected E. M. F. value’, if liquid junction potential could 
be eliminated, and the values calculated by this method with a number of bridges are 
given in Table II. It is clear that even with 4M and 2M potassium chloride and 10M 
and 5M ammonium nitrate bridges, the method does not give satisfactory results. 
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(tii) Some of the mono-monovalent salt bridge solutions tried by us seem to be 
effective. The ionic conductances of the different constituent ions of these salts at 35° 
calculated from their values at 18° and respective temperature coefficients (Landolt, 
Boernstein, Roth and Scheels’ tables) are as follows. 

Kt NH? ci Br- NO;- 
88.43 88.13 89.55 91.48 82.89 

Assuming the efficiency of a bridge solution to be dependent on the closeness of 
the values of anionic and cationic mobilities, it should be expected that among 4M 
potassium bromide, 4M potassium chloride, 10M ammonium nitrate and 3M potassium 
nitrate, 4M potassium chloride will be the best and 4M potassium bromide will be the 
next best. Next should come 10M ammonium nitrate and 3M potassium nitrate, and 
their efficiency should be more or less the same. ‘The observed average and maximum 
SE values in millivolts with these bridges and with saturated potassium chloride and 
saturated potassium bromide are as follows. 

4M-KCl. 4M-KBr. 10M-NH4NO;. 3M-KNOs3. Sat. KCl. Sat. KBr. 


0.43 2.61 3-09 0.75 0.50 
1.42 0.92 


Average SE 0.98 
Maximum 4E 2.10 1.09 6.74 6.35 


It is evident from these figures, and rather interesting, that potassium bromide 
bridges which should have been the second best in order of efficiency, are superior to 
all bridges. Next comes potassium chloride bridges which are found to be a little less 


efficient. ‘The efficiency of 1oM ammonium nitrate which should have been equal to 
that of 3M potassium nitrate is slightly better than the latter. Saturated potassium 
bromide is as good a bridge solution as 4M potassium bromide and works better than 
saturated potassium chloride, 4M potassium chloride and other bridge solutions. 

(iv) Mixture bridges containing ammonium acetate as one of the constituents do 
not seem to be much good. In case of cells containing hydrogen ions, the buffering 
action of the acetate ions of the bridge was expected to reduce the junction potentials. 
The GE values with these bridges in case of cells (1) show that the expectation is 
wrong. Mixture bridges like the one saturated with respect to both potassium chloride 
and potassium nitrate and the one proposed by Takegami are satisfactory, no doubt, 
but are definitely inferior to potassium bromide bridges. The AE values given in 
Table I with these bridges in case of cells (1) to (5) are generally more than1 m.v., 
while with 4M potassium bromide they are mostly less than 0.5 m.v. 

Received August 8, 1952. 
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STUDIES ON THE SOLUBILITY AND LIGHT FASTNESS OF 
AZO DYES. PART Il 


By A. B. Sen AND R. C. SHARMA 


" ‘The solubility of eleven azo dyes of the benzeneazophenol series, containing different substituents 
in the phenolic part, has been determined in benzene, alcohol and groundnut oil. The stability of these 
dyes towards sunlight has been studied with the help of the Klett-Summerson photoelectric colorimeter. 


In a previous communication (this Journal, 1951, 28,657) the solubility and light 
fastness of twelve azo dyes containing Cl, NO,, CH;, and OCH, and SO;H groups in diff- 
erent positions in the diazonium component were studied, and it was found that groups 
such as Cl and CH; increased the solubility of the dyes in oil andin benzene. Stability of 
the dyes towards sunlight is increased by the introduction of the methyl group, whereas 
the introduction of chlorine makes the dye more fugitive. In the present paper, we 
have extended this work to eleven more azo dyes witha view to ascertaining the 
effect of different groups on the solubility and fastness to light when they are 
present in the phenolic part of the dye. In all, eleven dyes were prepared by coupling 


aniline with different phenols. Of these, three have been prepared for the first time. 
As expected, the substituents in the phenolic part of the dye have an appreciable effect 


on the solubility as well as the light fastness of the azo dyes. 


ExPERIMENTAL 


The dyes were prepared by the usual method from aniline and different phenols, 
of which the last three were obtained for the first time using 3-ethyl-5-methylphenol, 
p-tert.-butylphenol and 2:4-dichlorophenol. Their melting points and results of analysis 
are given below. ‘The colour of these dyes in the finely powdered state was deter- 
mined by means of a Lovibond tintometer and recorded according to Lovibond’s colour 


nomenclature. 
TABLE I 


Colour of the dyes 


Matching standards. Colour developed. 


Nitrogen. 
Amt. of Compo- Predomina- 


Dye Dye. Found.. Cale. Red. Yellow. Blue. neutral nent ting 
No. tint or colour. colour. 
grey. 


9 4-Benzeneazo-3-ethy!- Orange Yellow 
5-methylphenol ’ ; d r 23.8 18.0 
10 4*Benzeneazo-p-tert.- Orange Red 
butylphenol 2. j j / 8.8 2.2 
ir  4*Benzeneéazo-2 :4- Orange Yellow 
dichlorophenol ' . , , 18.0 13.5 


6—1801P—12, 
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Solubility. —For the determination of solubility, groundnut oil and two volatile 
solvents, viz., anhydrous benzene and 95% alcohol, were used. Solubility in oil was 
determined colorimetrically and by the usual method in the case of benzene and 
alcohol. The techniques employed in both the cases were the same as given in 
the previous paper (loc. cit.). Results obtained are shown in Table II. 


TaBLe II 
Solubility at 3o0°in 100g. of 
No. Dye. M.p. Benzene. Alcohol. Oil. 


4-Benzeneazo-2-chlorophenol 22.95 15.20 6.656 
4-Benzoneazo-o-cresol 7-698 0.165 1.190 


4-Benzeneazo-m-cresol 13-51 0.453 5-36 


4-Benzeneazo-p-cresol 20.30 1.203 3-853 
2-Hydroxy-5-ethylazobenzene 240.6 21.5 16.25 
4-Benzeneazoresorcinol 165° 0.760 1.435 0.481 
(170°) 

4-Benzeneazosalicylaldehyde 128° 10.07 1.21 ‘244 
4.Benzeneazosalicylic acid 218° 0.0502 7-4 0.0277 
4-Benzeneazo-3-ethyl-5-methylphenol 95° 82.3 2.03 6.09 
4-Benzeneazo-p-tert.-butylphenol 68° 128.6 5.04 7-983 
4-Benzeneazo-2 : 4-dichlorophenol 126° £5.55 1.072 3.814 


Light fastness.—The stability of these dyes to sunlight was studied by exposing 
approximately 0.1% solutions of groundnut oil to the sun for 26 days (March-April). 
The amount of fading was determined with the help of Klett-Summerson photoelectric 
colorimeter. Stability of dye No. 8 could not be measured as it was insoluble in oil. 

Results obtained are shown in Table III. 


Tasie III 


No; y Initial colorimetric Conc. Colorimetric reading Fading (%). 
reading. after exposure. 


4-Benzeneazo-2-chlorophenol 6.5 0.1160% 4 38.44 
4-Benzeneazo-0-cresol 0.0834 37 5-44 
4-Benzeneazo-m-cresol 0.0948 22 18.59 
4-Benzeneazo-p-cresol © 0922 30 19.3 

2-Hydroxy-5-ethylazobenzene 0201374 50 10.70 
4-Benzeneazoresorcinol 0.0842 56 33-26 
4-Benzeneazosalicvlaldehyde 0.1125 10 23.02 
4-Benzeneazo-3-ethyl-5-methylphenol 0.0833 28 12.49 
4-Benzeneazo-p-tert.-butylphenol 0.0999 12 66.6 

4-Benzeneazo-2 :4-dichlorophenol 0.0945 6 80.0 


o On AW D&O bD H 


- 
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The following inferences may be drawn from our observations on solubility and 
light fastness. 
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Solubility.—(1). In these cases also the same melting point relationship, viz., 
the higher the melting point the lower the solubility and vice versa (cf. Part I, 
loc. cit.), is obeyed in the case of benzene and alcohol, whereas there are slight 
variations in the case of the oil which cannot be considered as an ideal solvent. 


(2). As expected, the dyes which are more soluble in benzene are also more soluble 
in oil. Alcohol and benzene being polar and non-polar solvents respectively, dyes 
which are more soluble in benzene are comparatively much less soluble in aloohol and 
vice versa. Dye No. 1 isan exception. 

(3). Introduction of alkyl and chloro groups increases the solubility in benzene and 
oil, whereas the carboxyl and hydroxyl groups decrease it. 

Fastness to Light.—Table III shows that the introduction of alkyl groups improves 
the stability of these dyes towards sunlight ; thus the dye containing a methyl group 
in the ortho position is the least fugitive (5.44%). On the other hand the presence of 
chlorine decreases the stability ; thus the dye containing a chlorine atom in the ortho 
position to the hydroxyl group is fugitive to the extent of 38.44%, whereas two chlorine 
atoms make the dye completely fugitive (80%). Introduction of a tertiary butyl group 
also does not favour fastness to light. 

CHEMICAL LABORATORIES, 
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ON THE ACTION OF HYDROGEN SULPHIDE ON MANGANESE DIOXIDE 
By KunpDAN LAL 


The quantitative study of the action of hydrogen sulphide on manganese dioxide shows that sul- 
phate and thiosulphate are the products of reaction in genetal. Dithionate occurs only at the stage 
when the whole of manganese dioxide has been exhausted Just before and after that stage it does not 
exist. 

Arfvedson (Schweigger’s Jour., 1824, 42, 212) found SO, and manganese sulphide 
when manganese dioxide was heated with sulphur. Wagner (Z. anal. Chem., 1882, 
21, 507) and Donath (Dingler’s Jour., 1857, 283, 248) observed that iron-free 
pyrolusite decomposed H.S forming a sulphide, which in a current: of CO, gave 
off H,S but retained a little sulphur. According to Hemptinne (Bull. Acad. Belg., 
1922, v7, 8, 71) MnO, rapidly absorbed H,S from a mixture of this gas with hydrogen, 
manganese sulphide being formed. The absorption is much more rapid than 
with dry H,S alone. Priwoznik (Annalen, 1874, 171, 115) found that yellow ammonium 
sulphide at 100° formed green manganese sulphide. Donath and Mullner (Ber. 
Osterr. Ges. Ford. Chem. Ind., 1887, 9, 129) found that when MnO, was boiled with a 
metal sulphide, a thiosulphate was formed. 


ExPERIMENTAL 


The sample of manganese dioxide required for this purpose was prepared by taking 
a solution of manganese chloride (A. R.) in a beaker to which an excess of potassium 
bromate, followed by dilute sulphuric acid, was added. On boiling the contents of 
the beaker, manganese dioxide appeared as a result of oxidation of manganese chloride. 
This was filtered and washed with water till free from SO,” and Cl’. It was dried in an 
electric oven at 140° to 150°. ‘This sample of MnO, was analysed by oxalic acid method 
and the composition was found to be MnO,.H,0. 


MnO, ‘0.5 g-) was taken in each of two beakers to which some water was added 
to keep it suspended. Water (10 c.c.), saturated with H,S at room temperature, 
was added dropwise and with constant shaking to eacli of the beakers. It was filtered 
and washed with excess of distilled water. The filtrate and washings were made up 
to 250c.c. The residue was analysed for unreacted MnO, (by oxalic acid method). 
From the qualitative analysis of the filtrate“ it was found to contain mainly 
sulphate and traces of thiosulphate. The thionates and sulphite were found to be 
absent. Sulphate was estimated as BaSU, and thiosulphate estimated by titration against 
a standard solution of iodine. Manganese was estimated by pyrophosphate methdéd. 
The experiment was repeated with varying volumes of hydrogen sulphide water. ‘The 
results are recorded in Table I. 


The same amount of MnO,.H,O was suspended in 100 c.c. of water separately in two 
different beakers and H,S was bubbled through each of them for half an hour. ‘The 
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DISCUSSION 


The first reaction between MnO, and H,S water is represented by the equation 


MnO, + H.S = MnS + H,0 +O l ( 
he 


MnS + 20, = MnSO, (partially). 


MnS is formed and along with that some oxygen is also formed which oxidises some 
of the sulphide to sulphate. This oxjdation goes on up to a certain extent after which any 
further amount of H.S water will have another course of reaction which is represented by 


MnO, + H.S = MnO + H.O +S wt 2 


In the presence of sulphur some thiosulphate is also formed perhaps due to 
the fact that some sulphite is formed as an intermediate compound which with 
excess of sulphur affords thiosulphate. Amount of thiosulphate too increases with the 
increasing amount of hydrogen sulphide water, but the increase is not very appreciable. 
Any further amount of H,S will react with MnO giving MnS and water. 

MnO + H,S = MnS + H,O a te 


This shows that the increasing amount of H,S water will decrease the amount of 
MnQ. The amount of thiosulphate is also found to be decreasing. After a regular 
increase in the sulphate content there comes a sudden decrease which is again followed 
by a regular decrease. This indicates occurrence of a change in the course of the 
reaction. The conclusion drawn from this is that the reaction represented by equation 
(1) is changed to that shown by equation (2). 


When H.S is bubbled through, the amounts of sulphate and thiosulphates reach 
their maximum at first. This again indicates that reactions (1) and ‘2) start simulta- 
neously and go on till the whole of MnO, is exhausted at whic: stage only dithionate is 
formed. When bubbling of H.S is further continued it again disappears. It is perhaps 
MnO which is responsible for the formation of dithionate. Afterwards the reaction 
(3) starts and the whole of the oxide is reduced tosulphide. And thus formation of 
dithionate is checked. The dithionate decomposes to give sulphur and sulphide of 
manganese. Due to this trend of reaction towards reduction by excess of H,S in the 
absence of oxides of mangauese, the respective amounts of sulphate and thiosulphate 
also suffer a decrease. ‘The final residue is only a mixture of sulphur and MnS. 


DEPARTMENT OF CHEMISTRY, Received June 23, 19§2. 
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THE SYSTEM POTASSIUM DIHYDROGEN ARSENATE- 
ARSENIC ACID-WATER 


By Ram CHAND Pavut, KunDAN LAL, V. S. GAIND AND S. S. BAWA 


The system KH,AsO,—H3AsO,—H,0 has been studied No acid potassium arsenate seems to 
exist at 25°. 

Parker (J. Phys. Chem., 1914, 18, 653) has shown the existence of acid potassium 
phosphate, and similarly acid sodium phosphate is also known to exist. There isa 
great similarity between H,PO, and H;AsO, and their compounds, but no attempt 
has been made to show the existence of salts similar to these phosphates. In the 
present attempt, system KH,AsO,—H;As0O,—H,0 has been investigated to find out if 
acid arsenates are formed at 25°. 


The solubility of KH,AsO,, which was not known, has been investigated at different 
temperatures (unpublished). The solubility of H;As0, at different temperatures 
being known, the value for 25° has been taken from Seidel (‘‘Solubilities’’, 1940, 
p- 682). ‘This solubility at 25° was also checked independently by us. 


ExPERIMENTAL 


Exactly weighed amounts of arsenic acid and potassium dihydroarsenate were 
added to about 5 c.c. of water in glass tubes which were then sealed. ‘The sealed tubes 
were tumbled end over end in an electrically heated thermostat, the temperature of 
which was controlled at 25° + 0.05° with the help of a toulene thermo regulator. 
The attainment of equilibrium conditions required 8 hours but the tubes were shaken 
for 12 hours in every case. After shaking for 12 hours the tube was held stationary 
for about half an hour during which interval all the solids in suspension settled down. 
Seal was then broken and the clear supernatant liquid was taken out with the help of 
a pipette, heated previously to the temperature of the bath. The solid-liquid mixture 
was also taken out and both the samples of the mixtures analysed separately. 


Total arsenate in the mixture was estimated by Pearces’ modified AgNO; method 
(Bennet, J. Amer. Chem. Soc., 1809, 21, 431). 

Potassium was estimated by sodium cobaltinitrite method after first removing 
arsenate by addition of AgNO, and removing excess AgNO, by addition of NaCI solu- 
tion in excess (Treadwell and Hall, ‘Analytical Chemistry’, Vol. II, p. 275). 


The composition of the solid phase in equilibrium has been studied according to the 
well known ‘“‘Schrienemakers’ residues method’’. The results obtained have been 
plotted in the triangular diagram from which the composition of the points can be read 
easily by drawing perpendiculars on the sides from that point. 
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KH, AsO, 
TABLE I 


Analysis of liquid. Analysis of solid- Analvsis of liquid. Analysis of solid- 
liquid mixture. liquid mixture. 


3 


KH,AsQOy. H3AsQ,. KH,2AsO, H3AsO, No. KH,AsOQ, H3AsQy. KH,AsQ,, H;AsQ,. 


3-40% 53-90% 2.01% 67.00% 10 39.13% 14.79% 56.60% 10.04% 
7-65 55-90 6.90 65.00 1I 26 30 25.60 56.69 18.01 
15.10 54.90 11.60 63.90 25.80 31.80 49.50 28.20 
21.50 51.10 17.40 57 00 28.50 39-00 39.90 38.00 
26.00 49.00 24 80 51.40 26.90 36 go 32.50 36.00 
31.90 44.50 30.50 46.50 26.00 5-01 59.00 2-70 
29.50 41.90 36.50 42.co 29.20 13.90 58.50 7.00 
27.00 35 00 35.00 41.20 26.50 12.50 56.60 6.50 
25.90 9.28 6u.90 3.90 


© ON AuAwW NN H 


The results have been tabulated in Table I and plotted in Fig. 1. In Fig. 1 area 
CDE represents a saturated solution in presence of pure solid phase KH,AsO,. H.O. 
All the tie lines converge to point E which represents potassium dihydro- 
arsenate monohydrate. Similarly area ABG represents saturated solution in contact 
with H,;ASO,. Rest of the area GBCEF represents saturated solutions in presence 
of solid solutions of the two solid components, KH,As0O,.H,O and H,AsO,. Area 
above the line ABCD represents unsaturated solutions. No acid potassium arsenate 
seems to exist as a solid phase at 25°. 
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RESONATING SEMIPOLAR SINGLE BOND. PART II. 
BORON HYDRIDES 


By SAlvyip SHAMIM-AHMAD AND MARGHOOB ALI NAQvVI 


The various hypotheses put forward to explain the structure of boron hydrides and other electron 
deficient molecules are critically examined and the explanation of the structure of these intcresting 
molecules given on the basis of the theory of tHe resonating semipolar single bond. It is shown that 


Pitzer, Walsh and Rundle’s structures can be reduced to the structure herein proposed. 


The constitution of boron hydrides has always been a controversial subject since 
its formula was found to be B,H, instead of BH,. Ordinary valency formulae were 
proposed by Stock (Ber., 1926, 59B, 2226), Eastman ‘J. Amer. Chem. Soc., 1922, 44, 
438), Hellreigel (7. anorg. Chem., 1931, 185, 65) and while Wiberg, Sugden, 
Sidgwick (1927), Lewis (J. Chem. Phys., 1933, 1, 17) and Pauling ‘J. Amer. Chem. 
Soc., 1931, 53, 3225) proposed resonance formulae. Bridge structures were proposed 
by Dilthey (7. angew. Chem., 1921, 34, 596) and Core ‘J. Soc. Chem. Ind., 1927, 
46, 642) and later revived by Nekrasov (J. Gen. Chem. U. R. S. S., 1940, 10, 1021, 
1151), Syrkin and Dyatkina ‘Compt. rend. acad. Sci., U. R. S. S., 1940, 85, 1803 Acta 
Physicochim., U. R. S. S., 1941, 14%, 547), Longuet-Higgins and Bell (J. Chem. Soc., 
1943, 250), Walsh (ibid., 1947, 89), Rundle (J. Amer. Chem. Soc., 1947, 69, 1327) and 
Pitzer (ibid., 1945, 67, 1126). 

The difficulties in the various bridge formulae can be overcome and various modi- 
fications brought to a common point if we make use of the suggestion made in part I of 
this series (this Journal, 1952, 29, 880) that single bond can be semipolarised if the bond 
electrons can conjugate with sufficient number of lone pair electrons or lone orbitals 
and the two atoms or radicals are of equal electronegativity. If the two are not of 
equal electronegativity then the electron attracting tendency can also be satisfied by 
the competing process of inductive shift when the bond electrons are merely shifted 
towards one of the atoms and do not conjugate with atomic lone orbitals or lone electron 
pairs. 

In the case of boron hydrides the two atoms are of equal electronegativity, lone 
orbitais are available on boron, and the compound is expected to be intermediate 
between covalent CH; and electrovalent LiH. ‘The formation of semipolar single bond 
is expected leading to the formation of B,H, as follows : 


H ( a: | aii H H Pg 
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where all the bonds are semipolarised single bonds without there being a formal charge 
on any atom. Except for resonance of the electrons between the four atoms the picture 
is essentially like that of Core (loc. cit.). Its points of difference with other bridge 
representations may be mentioned ; 


1. It is not an ad hoc hypothesis, but an extension of an already accepted principle. 
2. Most of the bridge structures can be reduced to this Common representation. 


Pitzer’s formula is simply the same structure with undue emphasis on the B—B double 
bond in order to retain the advantages of Wiberg’s formula. On account of the re- 
pulsion between the protons the double bond will be drawn out till it assumes the form 
represented by Pitzer as (I). On the present basis each of the bonds will contain a 
single electron as the protons are symmetrically placed in the molecule. Thus, the 
picture of the molecule will not be (II) (as supposed by Walsh) but (III), which is the 
picture demanded upon the present model. This also obviates the necessity of postula- 
ting methylated double bonds which are required for the explanation of the metal 
alkyls. 








According to Walshes’ representation each B.. H.. B bond in the structure of di- 
borane consists of a molecular orbital of the type a(BH) b(B: 2pz). This can bz 
broken up into c(H) b(B: 2pz) b{B: 2pz) which places the hydrogen symmetrically 
between the two boron atoms. Walsh represents this structure by (IV). In this 
figure there is symmetrical distribution of electron density oa both sides of the hydrogen 
atom, but this representation does not give sufficient importance to the term c(H). 
The representation on taking this factor into account becomes (III), which is the one re- 
quired on our present formulation. 

Rundle’s suggestion is similar to the one put forward here as he himself calls the 
bond ‘half bond’, but on the present theory the bond angle need not be 180°, and at 
least one bond must be present in the half bond ordinarily. 

3. Hydrogen will be negative rather than positive as on other models, as is proved by 
the action of HCl,H,O and alcohols. 

Other hypotheses, whether using resonance or bridge formulations, encounter many 
difficulties. ‘The present formulations can easily explain all these difficulties. 

The objection, that most of the hypotheses put forward for explaining the structure 
of diborane are of adhoc nature, does not apply to the present formulation. As has 
already been pointed out, the present representation is a simple extension of a well 
accepted principle, that of semipolarisation of double bonds. 

The difference between the two hydrogen atoms and others, unexplained on the 
basis of the resonance formulae, can be explained on the present formulation as on other 
bridge structures, 
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Restriction of rotation and the double bond character is not easily explained on 
resonance. Pitzer explains it on the basis of the concept of the protonated double bond ; 
but Walsh considers the infra-red interaction to be rather lower than what one wouid 
expect on the Pitzer model. On the present model it is simply due to the planar nature 
of the B,H, ring, which is an essential requirement for resonance to take place for the 
formation of the ring. In this respect it will restrict the rotation as is done by any 
planar ring or a double bond, but due to the very extended character of the electron 
cloud the restriction would not be so great as in the case of the double bonds. This is in 
conformity with facts. 

The present formulation can explain the formation of the known boron hydrides 
and the non-existence of those unknown on the lines of Pitzer’s protonated double 
bond. This cannot be done on resonance structures. Moreover, the present structure 
can explain why four membered rings are not known, and why B,H,, does not polyme- 
rise further. Four membered ripgs will have the skeleton of the type (V). In this 


(VI) 
ring there are two B,H, rings present. These two rings must also be coplanar as 
another factor will be the tendency of B—B bonds to semipolarise resulting in the trans- 
formation of (V) to ‘VI) or even to the diagonal form. This will make B, ring highly 
unstable due to (i) repulsion between hydrogen atoms and (ii) the great deflection of 
valency angles, and thus the absence of B, ringsds completely analogous to the non- 
existence of cyclobutadiene. 
orbital is divided under the polarising infiuences 


In the bridge hydrogens the ‘s’ 
This will result in strain, 


into two sub-orbitals with an angle of 90° between them. 
as ‘s’ orbitais will tend to coincide with each other. Consequently the distance between 
B and H will be lengthened and the electrons will be shifted closer to hydrogen. This 
will result in the demand on electrons by the bridge borons on atoms joined to them. 
If a boron atom is joined to two other boron atoms, which form a part of two bridges, 
the inductive shift towards the other borons is so great that its power of semipolarising 
the B—H bond will be greatly reduced. ‘This explains why B,;H,, does not further 
polymerise. ; 

Division into B,Ha+, and BnsHns, classes can be explained on this hypothesis as on 
Pitzer’s as containing three and two borines respectively. The objection why protonated 
double bonds are not more common is not applicable here. As will be shown, this 
type of bond is much more common than what is suspected. This explains the electron 
deficient molecules, the metal alkyl! and the metals themselves included, on one side 
of the periodic table and the halogens and other electronegative elements and their 


compounds on the other. 
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Another argument against the bridge formulations is why BF;, BCI, BMe, etc. 
do not dimerise like Al,Cl, and Al,Me,. On the present hypothesis such bridg 
structures will be formed only in such cases where the single bond can get semipola- 
rised and there is a vacant orbital available for the formation of the bridge structure. 
B‘CH;}, does not form a bridge structure because the very weak capacity of carbon in 
CH, group to accommodate an electron cannot be brought about by the very weak 
semipolarising influence of the boron atoms. If a stronger semipolarising influence 
is available then even carbon will form: a semipolar single bond, and hence a bridge 
structure. Pitzer and Gutowsky ‘J. Amer. Chem. Soc., 1946, 68, 2204) find this to 
be the case as they find aluminium trimethyl to be dimeric. The formation of Al.Cl, 
is due to the ionising tendency of Al which can semipolarise the bond despite the in- 
ductive shift of the electrons towards the chlorine atom. Semipolarising tendency of 
B being small, the inductive shift suppresses it so that BF, and BCI, do not dimerise. 
In cases where the inductive shift is not very great, dimerisation may take place, e. g. 
in iodine compounds. An interesting possibility, if iodine or another atom can form 
a bridge is that a compound of the form B,HIMe,, where one of thé bridge hydrogens 
has been replaced, may be capable of existence. (Some semipolar compounds have 
recently been reported by Burg and Randolph, J. Amer. Chem. Soc., 1949, 71, 3451)- 


The present formulation also explains Burg’s observation that the hydrogen atoms 
in diborane are not acidic, while his objection against Pitzer’s bridge model docs not 
apply to the present formulation with its emphasis on the negativity of hydrogens. 
This also explains the action of HCI and H,O and methyl alcohol on B,H, and its 
derivatives when hydrogen is evolved. This is due to the interaction of negative hydro- 
gen of diborane with positive hydrogen of these compounds. ‘Thi reaction is easier 
with B.Me.H, due to the electron rele ise by the methyl groups. 

The distance between the boron atoms is due to the absence of any link between the 
boron atoms. ‘The close approach is due to the lengthening of B—H distance due to 
the tendency of the two sub-orbitals of hydrogen to coincide with each other. Ihe 
reactivity of diborane at very iow temperatures is an indication of the open character 
of the molecule. This is also proved on the present formulation as the angle between 
the exterior hydiogens is 120°. Similarity of absorption spectrum of diborane and 
ethylene is easily seen to be due to the resonance of four electrons in four positions, 
a case similar to that obtaining in the double bond in ethylene. 

Disproportionation for which no explanation is forthcoming on other formuiations 
is easily seen to be due to the same cause which is responsible for the non-dimerisation 
of BCl,. Inductive shift of chlorine causes the unstability of the bridge with conse- 
quent dissociation. BH, radicals are irreversibly converted into B,H,, while BH,Cl 
recombines and redissociates to give BHCl, and lastly BCi,. ‘The positive inductive 
efiect of methyl groups is responsible for an opposite reaction. Boron trimethyl, when 
heated with diborane, forms many types of substituted methyl diboranes. 


Vith the help of the present ideas configuration of the diborane molecule can be cal- 
culated. One of the possible ways is the interaction of two BH, units in which the 
bonds are hybrids of s, px and py character and hence inclined at an angie of 120°. 
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The tendency to fill the pz orbital will resuit in the bridge hydrogen getting deflected 
by 45° out of the plane of the molecules. The two BH, groups may be coplanar or in 


parailel planes : 


H 





é - -H~.__ 
Be 


~ 


- 


° 
> 





H 





Another representation is also possible. The bonds with exterior hydrogens may be 
formed by the hybridisation of s and px orbitals, while the interior or the bridge hydro- 
gens may be formed by the hybridisation of py and pz orbital. In such a case the angle 
between the hydrogens will be 90° for both sets and 120° for the angle between the 
exterior and interior hydrogens. It is interesting to note that Syrkin and Dyatkina 
(loc. cit.) report closely similar values. 
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RESONATING SEMIPOLAR SINGLE BOND. PART Ill. ANOMALOUS 
RATIO OF SPECIFIC HEATS FOR GASES 


By Saiyip SHAMIM-AHMAD 


he ratio of specific heat for the halogens is shown to be another anomaly capable of being explain- 
ed on the basis of the theory of the resonating semipolar single bond. ‘the same theory can explain 
the change in value of y with temperature and substitution. 


In Part I of this series (this Journal, 1952, 29, 880), the anomalies of the halogen 
molecules have been pointed out. The molecule of chlorine is supposed to possess the 
resonating semipolar single bond structure represented by 


(1)? confer (.Cl) 7 (cy? 

where the bond electrons conjugate or resonate with the lone pair electrons (denoted by a 
bracketd duplet) rather than by the conventional form Cl:Cl. A decision between the 
two forms can be arrived at,-as the semiipolar single bond postulated will be capable of 
greater deformation than the ordinary covalent bond. Consequently vibration should 
be easier in the molecules like Cl,, Br,, I, etc. and should not be possible in covalent 
molecules like H,, HCl, HI. The latter molecules do not possess the resonating semi- 
polar single bond character as either both the atoms are not of strongly polarising nature, 
or they are not of comparable electronegativity, two conditions necessary for the 
appearance of the resonating semipolar single bond. This ease of vibration should 
influence the specific heat of gases and the ratio of Cp/Cy. 








In diatomic molecules, freedom of vibration being absent, Cy must be equal to 
3 R corresponding to five degrees of freedom; Cp should therefore be § R and the value 
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of y should be 1.40. This is found to be so in the case of H,, HCl, HI ete. (Mellor, 
“Treatise on Inorganic Chemistry’’, Vol. 1, p. 794). In the case of the coloured diato- 
mic molecules, however, the value is much less, e.g. 1-35 for Cl., 1.29 for Br, and I,, and 
1.31 for ICI (Mellor, ibid., p. 788). No satisfactory explanation is forthcoming for this 
anomaly. On the basis of the Quantum Theory an attempt has been made to explain 
the difficulty by supposing that the total energy of the molecule consists of the rotational, 
vibrational and translational energies. The vibrational energy is calculated with the 
help of the vibrational frequency in the infra-red spectrum ‘Roberts, ‘‘Heat & Thermody- 
namics’’, Blackie & Sons, 1933, p. 150). As can easily be seen, this is not an explanation 
of the anomaly but simply a correlation of the same with the infra-red spectrum. 

On the present basis the two sets of the molecules are differentiated from each other, 
as the coloured ones are supposed to possess the resonating semipolar single bond struc- 
ture with its greater deformability. Hence in their cases additional degrees of freedom 
for vibration must come into operation and reduce the value of y below 1.40. 

The same idea can be applied to the influence of temperature and substituents on 
the value of y.. Replacement of an atom by another having greater polarising power 
must result in the decrease in the value of y due to the mesomeric part of the semi- 
polarisation. This is well known, e.g. y is 1.41 for H,, 1.39 for HCl, 1.35 for Cl,; 1.313 
for CH,, 1.279 for CH;Cl, 1.219 for CH.Cl,, 1.153 for CHCl; and 1.130 for CCl, (Mellor, 
loc. cit.}. ‘The influence will be greater if the combined atom is of comparable elec- 
tronegativity. On this basis y for iodo compounds must be greater than for the corres- 
ponding chloro derivatives as carbon and iodine have comparable clectronegativity. 

The influence of temperature like light and electric excitation is to cayse semi- 
polarisation of the single bond. Hence, the increase of temperature will increase the 
tendency towards semipolarisation which should be reflected in the value of y. ‘This 
is well known to be the case ( Austin, J. Amer. Chem. Soc., 1932, 54, 3450). The 
increase in reactivity at higher temperatures may to some extent be assigned to 
the same effect as molecules having semipolar single bond are known to be reactive. ‘This 
increase in reactivity cannot be assigned to the dissociation of molecules into ions or atoms 
as that would increase rather than decrease the value of y. 

‘This problem can also be looked at from another point of view. In the halogens 
the bond electrons are assumed to resonate with lone pair electrons. On account of the 
large number of lone electrons avilable for resonance. there will be a close packing of 
a large number of electronic energy levels. As the resonance will occur without a 
change in the configuration for the ground and the excited states, it is possible for energy, 
sufficient for excitation to higher energy levels, to be absorbed which may be found as 
excess vibrational and rotational energy of the ground state (cf. Laidler and Shuler, 
Chem. Rev., 1951 48, 182). Conversely, it is also possible that vibrational and rotational 
increase in energy of the ground state (by increase of temperature) may appear as elec- 
tronic energy. This will mean a change in absorption with rise of temperature. This 
is well known in the case of chlorine which is a white solid at low temperatures but is 
greenish yellow as a gas. 


DEPARTMENT OF CHEMISTRY, Received June 21, 1950. 
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RESONATING SEMIPOLAR SINGLE BOND. PART IV. RESONATING 
SEMIPOLAR SINGLE BOND AND PAULING’S SCALE OF 
ELECTRONEGATIVITIES 


By SAIvYID SHAMIM-AHMAD 


Pauling’s interpretation of the scale of electronegativities is shown to suffer from a number of 
defects due to the fact that he supposes the bond between the same atoms to be perfect covalent 
bonds, a deduction opposed to the theory of the resonating semipolar single bond. Many of his 
conclusions are shown to be against facts, some of which disprove the theory by reductio ad 
absurdum. The objections can be easily explained on the basis of the theory of the resonating 
semipolar single bond. 


There is wide dissatisfaction with Pauling’s use of resonance. The feeling is that 
the resonance ideas are much too formal and that they do not lead beyond the observed 
facts. It is difficult, however, to criticise Pauling and others of resonance school as 
make use of wave mechanics with which most chemists are not familiar. Wave 
mechanics at its best is acalculus, more than atheory. ‘The greatest justification for 
the use of resonance ideas is Pauling’s scale of electronegativities. In the present 
communication an attempt has been made to examine Pauling’s interpretation more 
carefully in the light of the theory of the resonating semipolar single bond. 


Pauling’s idea that wave function representing a single bond in a symmetrical 
molecule can be represented by avA:A+b¥YAA*+b¥A*A’is only a hypothesis put 
in a mathematical form. It postulates that the covalent A A and the electrovalent A’A* 
are the only structures which need be taken into account to arrive at the correct 
representation of the molecule as a continuous gradation is possible between the covalent 
and the electrovalent forms. This would have served asa calculus but for the fact 
that the gradations may be discontinuous. Moreover, it completely neglects interaction 
between bond and lone electrons. This is the point emphasised by the present theory. 
The two electrons composing a single bond may get ionised one by one or interact 
with lone pair electrons. In that case the wave mechanical calculus will break down 
despite its efficiency to calculate the average. This wlli be all the more marked in 
cases where the discontinuity is most pronounced. The greatest possibility of the bond 
being semipolarised is with bonds between similar atoms. ‘These are the bonds which 
according to Pauling are the most perfect examples of covalent bonds. 


Two main objections can be raised against Pauling’s interpretation of the 
electronegativity scale: 

1. The bond type in the element may be different from that in the compound. 

2. Pauling’s results are highly surprising and sometimes clearly against facts. 

That the nature of the bond in the element and the compounds may be different 


had to be conceded by Pauling in the case of oxygen and nitrogen. There is no 
treason why this result should not be gerneralised. This is proved by the negative 








946 S. S. AHMAD 


values of A reported by Pauling himself (all references from ‘“‘Nature of the Chemical 
Bond’’) e.g. N-Cl, A =-0.5; C-I, A =~-1.9; As-H, A =~12.0; Se—-H, 

=-7.5 Keal./mole. The value of A for Se-H remains negative despite the 
postulate of the geometric mean. The negative value even for one bond is a strong 
argument against the Pauling theory as according to his arguments no bond should have 
a negative value for A. The main defect is that the bund type between similar atoms 
is an ideal covalent bond for the first few elements of the 1V group only. 


The second objection can be easily seen to apply to Pauling’s results. An 
ordinary covalent bond, taking H, and C,H, as examples, may be supposed to be inert 
{due to the completion of the inert gas structure by the constituent atoms), rigid and 
colorless. Halogeas which show colour and hence some sort of resonance, abnormal 
reactivity even in the molecular state, when the octet is complete, and abnormally low 
values of y showing lack of rigidity of the molecules cannot be expected to possess 
the same inert duplet as present in H, and C,H,. It is strange to find the unstable 
and explosive NCI, being cited as a case of the perfect covalent bond. No doubt the 
fundamental mistake is to regard the Cl—Cl bond a simple covalent bond. 

The alkali hydrides constitute another glaring example of the inadequacy of 
Pauling’s ideas. Na-—Na _ bond is supposed to be a normal covalent bond. According 
to the present ideas it will have a resonating semipolar single bond structure with the 
The value of A comes out negative for the alkali 


polarised electron only ioosely held. 
hydrides and the postulate of the geometric mean is made use of to make them positive. 


The greatest defect, however, comes up when we consider the magnitude of the 
value of A which is a measure of the ionic nature of the bond, for LiH, NaH and 


KH is 4.7, 87 and 8.4 Kcal./ mole respectively, whereas for admittedly covalent bonds 
N-H, O-H the values are 22.0 and 41.0Keal./mole. On this basis the alkali 
hydride may be expected to behave like the covalent ideal (C-H, A=6.3 Keal./mole.). 
In actuality they are salts as proved by crystal analysis. ‘Ihe chief use of the scale is 
the calculation of the ionic character of various bonds. Some of these are Li—H, 43% ; 
Ca-I, 39%; Na—H, 30%; B—F, 63%; C-—-F 44%, Si-F 70%. ‘These results are so 
far at variance with our experience, as they would have us believe our ionic salts to 
be mainly covalent and our typical covalent compounds to be mainly ionic in nature 
that one would believe that Pauling’s contention has been disproved by reductio 
ad absurdum. 

A new interpretation of the scale of electronagativities based upon the theory of 
the resonating semipolar single bond can be advanced which can remove the difficulties 
encountered by Pauling. According to this viewpoint electronegativity differences 
and the value of A are a measure of the difference between the bonds in the elements 
and the resulting compounds. The objection No. 1 against Pauling that the bond type 
in elements may be different from that in the compounds does not apply to the present 
theory which requires that it should be so: The bond between similar atoms tends to 
get converted into the resonating semipolar single bond depeiding upon the possibility 
of bond electrons to resonate with sufficient number of lone pair electrons. Another strong 
argument against Pauling is also answered by the present theory, the question of low 
ionic percent character in truly ionic compounds and high ionic character in admittedly 





























RESONATING SEMIPOLAR SINGLE BOND 947 


covalent compounds, e. g. 26% in LiH, 30% in NaH, 63% in B-F and 70% in Si-F 
etc. As pointed out above, electonegativity differences and the value of A only indicate 
the difference between the original and the resulting bonds. Ifa N-Naand Li-Li 
bonds are accepted to be perfectly covalent then the above values do not make any 
sense. If on the other hand, these bonds are supposed to be semipolarised on account of 
the conjugation of bond electrons with lone orbitals then automatically the ionic 
character in LiH and NaH must be increased by about 50%, while the ionic percentage 
in Si-F and B-F must be decreased by some similar amount to give values expected 
on general grounds. 

Negative values of A, so unexpected on Pauling’s theory, may be expected if the 
semipolarising tendencies are greater in the products than in the reactants. This is 
only possible when both the elements are of about equal electronegativity. Consideration 
of bonds showing this negative value of A, e.g. Se-H, As—H, N-Cl, CI will bear 
this point out. 

It will thus appear that the theory of the resonating semipolar single bond can 
remove the objections levelled against Pauling’s interpretation of the scale of 
electronegativities by taking into consideration the possible resonance of bond electrons 
with lone orbitals or lone pair electrons, a point neglected in former considerations 
of electronegativity. Clarification of a number of formerly obscure points is taken to 
be a strong support for the theory of the resonating semipolar single bond postulating 
resonance of bond with lone pair electrons or orbitals. 


DEPARTMENT OF CHEMISTRY, Recetved Juné 21, 1950. 
MusiLim™ UNIVERSITY, ALIGARH. 








RESONATING SEMIPOLAR SINGLE BOND. PART V. INTERPRETATION 
IN TERMS OF WAVE MECHANICS AND OTHER THEORIES 


By Saryrip SHAMIM-AHMAD 


The nature of the resonating semipolar single bond has been examined. This type of bond is shown 
to be due to the resonance of bond with lone pair electrons or lone orbitals. The nature of the bond can 
easily be understood on the basis of wave mechanical ideas and on the basis of the theory of electrons 
as resonators. This type of bond is shown to explain a large number of difficulties encountered by other 


workers. 
At present a number of difficulties exist in theoretical chemistry. Colour 
is ascribed to resonance but CO and CO, are colorless, while Cl,, HOCI, 
NCi,, KI, do not possess a resonating structure. Structure of boron hydrides, metals 
and other electron deficient molecules is also a peoblem. Molecular rearrangements, 
hyperconjugation, anomalous dipole moment of halogens also await explanation. 

All these are explicable on the basis of the resonating semipolar single bond. The 
idea described briefly earlier (Ahmad, this Journal, 1952, 29, 880) arose out of the 
attempt to explain the colour of chlorine. Resonance being the cause of colour, 
a new mechanism must be postulated for it in single bonds. Thus. 








(c1.)74, (cy*? see cil.) cr 4% (c1r)*?, CCy ? 
8—1801P—r2. 
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One of the electrons is so far polarised as to be completely appropriated by one 
atom. Resonance starts when both the atoms are (i) about equal and (ii) strong electron 
polarising nature. ‘This explains why chlorine etc. are coloured, while H,, HCl etc. 
are not. This also explains the distances in halogen molecules and also their reactivity. 
The weakness of O—O and N—N linkage is similarly explained (Coates and Sutton, 
J. Chem, Soc., 1948, 1196). The reactivity of molecular halogens is otherwise very 
surprising. As neighbours of inert gases they should be very inert when they have full 
eight electrons in the outer orbit. 

It will be noticed that the idea is similar to semipolar single bond mentioned earlier 
by Prideaux (Chem. Ind., 19623, 42, 672), Ingold (J. Chem. Soc., 1926, 1355) and Sugden 
(“Parachor and Valency’’, 1930, p. 131). An important difference, however, is that 
an additional hypothesis of resonance is introduced between the half charges distinctive 
of the semipolar single bond if the two atoms are of strong and about equal electron 
polarising nature. [In order to avoid confusion the title of these series of papers is 
changed to ‘resonating semipolar single bond’ in place of ‘semipolar single bond’ 
These papers appeared first in the form of abstracts in the proceedings of the 
Indian Science Congress during 1948-1950]. 


The present formulation can be looked at from different points of view. It can be 
supposed that lone pairs or lone orbitals can conjugate with bond electrons, similar to 
the conjugation of double bonds in polyenes or of phenyl groups in triphenylmethy] 


-_— 
radical. The general representation of the y bond is (HH). On the present basis, the 


interaction of lone electrons in the case of electronegative elements and lone orbital 
positions in the case of electropositive metals should also be taken into consideration. 
On the present theory, therefore, lone electrons and lone orbital positions are, in many 
respects, equivalent. Thisis borne out from the following list which shows that the 
colour of two of the rare earth cations is the same if the number of lone electrons in 
one is the same as the number of lone orbital positions in the other. 


TABLE I 


Colour of rate earth cations. 


No. of 4f Ions. Colour. Colour Ion. No. of orbital 
electrons positions vacant. 

I Ce** Colorless Colorless Yb" I 

2 Pr" Green Green 7. 2 

3 Nd** Red-violet Rose Er’ 3 

4 I Yellow-green Yellow Ho” 4 

5 Sm*** Yellow Yellow _ 5 

6 Eu“ Almost Almost 7 6 

colorless colorless 
7 Ga" Colorless Colorless Ga** 7 


The striking similarities for which no explanation is forthcoming were first noticed 
by Main-Smith (Nature, 1927, 120, 583). On the present basis of equivalence of lone 
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orbital positions and lone electrons as seats of conjugation, the similarities appear to be 
quite natural and should also be looked ior in other transitional elements. This has 
been found to be the case and the results will be submitted for publication separately. 

For such molecules where bond electrons resonate with lone electrons, formulation 
of a different symbol for this type of covalency is necessary. Such a resonance hybrid 
may be indicated with a bracketed electronic duplet. 

From the wave mechanical point of view, the picture of the proposed type of linkage 
is easy to grasp. ‘The possibility of resonance of bond with so many lone pair electrons 
lowers the energy of the jump, so much so that the absorption falls in the visible region, 
whereas in simpler cases where no interaction with lone pairs is possibile, the energy of 
the jump is very much higher and falls in the ultraviolet, e.g. 1000-1100 A in the case 
of hydrogen. 

The stabilisation of the excited in comparison with the normal state of the molecule 
greatly increases the reactivity and is responsible for the weakness of bonds between 
atoms of strong and about equal electron polarising nature, e.g. Naz, Cl,, HOCI, NI; etc. 

On the basis of the theory of electrons as resonators (cf. Branch and Calvin, “Ihe 
Theory of Organic Chemistry’’, 1944, p. 162) the period of vibration of the electron gets 
increased due to conjugation with lone pair electrons resulting in a lowering of energy of 
resonance and consequent absorption in longer wave-lengths, decrease in stability and 
increase in deformability of the link. This causes an increase in the length of the bonds 
between atonis of the same elements with'increasing number of lone pair electrons, 
while the increasing nuclear charge tends to shorten the bond lengths. The net effect 
of these two opposing forces results in keeping the distance N-N, O-O and F-F 
nearly constant despite increasing nuclear charge (Pauling, J. Amer. Chem. Soc., 1947, 
69, 550). 

Colour and reactivity of halogens, ozone, hypohalous acids, interhalogen and poly- 
halogen compounds and the nitrogen halides may be explained on the same basis. 
The anomalous dipole moment of halogens (Dipole Moments, Trans. Faraday Soc., 1934, 
Appendix) is due to the stabilisation of one of the resonating forms of the hybrid by 
some resonating molecule. Conductance (cf. Rabinovich, Z. physikal. Chem., 1926, 
119, 79) may be supposed to be due to the dissociation of this complex. Anomalous 
density of the halogens (Mellor, ‘Treatise on Inorganic Chemistry’’, Vol. IJ, p. 48) and 
the change in the colour of iodine solutions (cf. Kleinberg and Davidson, Chem. Rev., 
1948, 42, 601) can be similarly explained. 

Explanation of the structure of boron hydrides and other electron deficient mole- 
cules, molecular rearrangements, hyperconjugation etc. is given in other papers of 
the present series. 

DEPARTMENT OF CHEMISTRY, 
Musi_im UNIVERSITY, Received June 21, 1950, 
ALIGARH. 
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KOSTANECKI-ROBINSON ACYLATION. PART II. STUDIES 
IN 5-ALKYL-2-HYDROXYPHENONE SERIES 


By A. B. SEN AND T. N. KAKAji 


Eighteen 6-alkyl-coumarins have been prepared by Kostanecki-Robinson acylation of six 
5-alkyl-2-hydroxyphenones which were obtained by the Fries rearrangement of the appropriate 
phenolic esters. 


The influence of various substituents like CH;, Cl and OH in the hydroxyketone 
molecule, on the formation of coumarins and chromones, in the Kostanecki-Robinson 
acylation has been studied by a number of workers (Chakravarti and co-workers, 
this Journal, 1936, 18, 689 ; 10930, 16, 151; Desai and Vakil, Proc. Ind. Acad. 
Sci., 1940, 12A,~357 ; Sethna and Shah, this Journal, 1940, 117, 239, 487, 601; 
Trivedi, Sethna and Shah, J. Univ. Bombay, 1942, 11, 144) and they have all arrived 
at the conclusion that these substituents exert no particular influence in the formation 
of either coumarins or chromones. We have extended the work of Sethna and Shah 
(loc. cit.) with o-hydroxyketones, having a tertiary butyl or a tertiary amy! substituent 
in the para position to the OH group. In all cases, studied by us, only coumarins 
could be isolated, thus confirming the earlier observations of these authors. It was 
further observed that the yields of coumarins obtained were higher when propionic and 
butyric anhydrides and their corresponding sodium salts were used than when acetic 
anhydride and sodium acetate were employed (cf. Heilbron, Hey and Lythgoe, J. Chem. 
Soc., 1934, 1551). 

5-Alkyl-2-hydroxy-aceto-,-propio- and -butyro-phenones were prepared by the Fries 
rearrangement of the appropriate phenolic esters of p-tert.-butyl and -tert.-amy] 
phenols. These ketones were subjected to Kostanecki-Robinson acylation with acetic, 
propionic and butyric anhydrides and the corresponding sodium salts. 


O.CO.R’ O x: 


OH pe OH | 
(y ms (\ ae (Yl (RI.CH,COL0 Gn 
ANF 1G 4 ON 
R R K ~ COR 





R'.CH,.COONa “~\A\Z~® 
, R by 
(I) (II) (III) (IV) 
(R=tert.-butyl or tert.-amyl group. R’=Me or Et or Pr. R” =H or Me or Et.) 


It was found that in all these cases coumarins were obtained. The structure of 
the compounds as coumarins was arrived at from the results of hydrolysis with 2N-alkali. 
In no case, an unsaturated phenolic acid could be obtained as the free acid formed 
cyclised back readily to regenerate the original coumarin, since the introduction of an 
alkyl substituent in the coumarin resulted in the formation of an unstable coumarinic 
acid (Sethna and Shah, Chem. Rev., 1945, 36, 23). 
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This was further confirmed by Wittig’s method (Ber., 1924, 57, 88), as these 
compounds on treatment with sodium ethoxide in absolute alcohol at room temperature 
did not yield any diketone, and the original compounds were recovered unchanged 
(Sethna and Shah, loc. cit. cf. Simonis, Ber., 1917, 50, 779). 


Attempts to prepare o-methoxycinnamic acids by simultaneous hydrolysis and 
methylation by the method of Shah and Shah (J. Univ. Bombay, 1938, 7, 213) were 
unsuccessful. 


Further, the failure of the compounds (1, 4, 7, 10, 13, 16 in Table II), expected 
to be 2-methylchromones, to yield styryl derivatives with benzaldehyde, confirmed that 
these compounds were not chromones but coumarins. 


ExPERIMENTAL 


Acylation of the Phenols .—The acetylation of the phenols was carried out in the 
usual manner with acetic anhydride and sodium acetate ; while the propionic and 
butyric esters were prepared using the corresponding acid chloride reacting in dry 
benzene solution, and were isolated as usual. Their yields and b. p. are given in 
Table I. 


TABLE I 
, : ob e % Nitrogen 
= = Fy - % Ses 
3 : - ~« J E 3 ES ay 
: Fi z s 2 Ss § See 2a. 6C 
me Bs . 2a a 4 Bee 6gk CS 3 
N - 
re ¥ : ae 8 a % 
iM a -2 
si 
1. p-tert- Acetate 165°/5 mm. 86 _5-tert.-Butyl- 130°/12 56.7 170° CygHgOsNy 15.69 15.06 
Butylphenol % 2-hydroxy- mm. 
acetophenone 


2. Do Propionate 126°/3 87.4 5-tert-Butyl- 165°/26 41.0 164° CigHgO;Nq 14.59 14.51 
2-hydroxy- 
propiophenone 


3- Do Butyrate 172°/20 97 =5-tert.-Butyl- 150°/20 56.6 176° CopHyOsNy 14.77 14.00 
- 2-hydroxy- 
bntyrophenone 
4. p-tert.- Acetate 160° /18 98 s5-tert.-Amyl- 165°/12 57.2 185° CygHyOsNy 14.53 14.51 
Amylphenol 2-hydroxy- 
acetophenone 
5. Do Propiouate 118°/20 67  s-tert.-Amyl-110°/30 44.6 156° CyNgOsNy 14.30 14.00 
2-hydtoxy- 
propiophenone 
s-tert-Amyl- 165°/20 73.3 186° Co,HygO;Nyg 13.71 13.53 
2-hydroxy- 
butyrophenone 


ca 


6 Do Butyrate 190°/30 97: 
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Fries’ Rearrangement of the Phenolic Esters.—These phenolic esters were 
subjected to Fries’ migration in carbon disulphide solution with anhydrous aluminium 
chloride (1.1 mole) at 120° for an hour and the ketones obtained were isolated in the 
usual manner. ‘The yields and the boiling points are shown in Table I. These ketones 
were characterised through their 2 : 4-dinitrophenylhydrazones. The melting points of 
these compounds are recorded in Table I. 


Kostanecki-Robinson Acylation.—A mixture of the o-hydroxyketones prepared 
above (1 mole), appropriate acid anhydride (6.5 moles) and. the corresponding 
sodium salt (4.5 moles) was heated in an oil-bath at 160° for 6 hours. It was then 
cooled and boiled with 100 c.c. of water for 2 hours to decompose the excess of acid 
anhydride. After cooling, the product was taken up in ether and washed with 
1% alkali and then with water, until neutral. The ethereal layer was dried over 
anhydrous sodium sulphate and the ether distilled off. The compounds so obtained 
were distilled under reduced pressure. The boiling points of these liquids are 
summarised in Table II. 


TABLE II 
= 33 v 2 
= = ; a 6 : 
"= 5 E a 3 Sc E a 
2 ¥ ES - S > aes 5 Found. Cale. 
8 g ae B85 ° 6 
rT) Zo ao i = ran ren» 
- <§ » @ %C. %H. %C. %H. 
5-tert.-Butyl- Ac,O and 257°/3mm. 61.7. 4-Methyl- CygHygO2. 77.1 7-17 77-78 7.41 
2-hydroxy- Na acetate 6-tert.-butyl-C 
acetophenne 
Do Propionic 240°/5 76.1 3:4-Dimethyl- C);H,gO, 77.7 7.40 78.26 7.83 
anhydride and 6-tert.-butyl-C 
Na propionate 
Do Butyric 190°/3 82.0 3-Ethyl- CisHy92 77-9 7.90 78.69 8.1¢ 
anhydride and 4-methyl- 
Na butyrate 6-tert.-butyl-C 
s-tert.-Butyl- Ac,O and 232°/3 54-4 4-Ethyl- CisHi30, 77.8 7.50 78.26 783 
a-hydroxy- Na acetate 6-tert.-butyl-C 
propiophenone 
Do Propionic 235°/3 86.9 3-Methyl- CigHyO, 78.0 7.70 78.69 8 19 
anhydride and 4-ethyl- 
Na propionate 6-tert.-butyl-C 
Do Butyric 237°/3 67.9 3: 4.Diethyl- C\7Hq202 78.2 7.99 79-08 8.53 
anhydride and 6-tert.-butyl-C 
Na butyrate 
s-tert.-Butyl- Ac gO and 268°/5 61.4 4-Propyl- “| CyeHO, 77.8 7.65 78.69 8.19 
a-hydroxy- Na acetate 6-tert.-butyl-C 


bntyrophenone 














No. 


8. 


Ketone (ITI) 


5-tert.-Butyl- 
2-hydroxy- 


but yrophenone 


Q- 


12. 


wo 


15 


— 
fea) 


17. 


18 


Do 


5-tert.-Amyl- 
2-hydroxy- 
acetophenone 


Do 


Do 


s5-tert.-Amyl- 
2-hydroxy- 
propiophenone 


Do 


. 5-tert.-Amyl- 


2-hydroxy- 
butyrophenone 


Do 


KOSTANECKI-ROBINSON ACYLATION 


Acid anhydride 
and sodium salt 


Propionic 
anhydride and 
Na butyrate 


Butyric 
anhydride and 
Na butyrate 


Ac,O and 
Na acetate 


Propionic 
anhydride and 
Na propionate 


Butyric 
anhydride and 
Na butyrate 


Ac,O and 
Na acetate 


Propionic 
anhydride and 
Na propionate 


Butyric 
anhydride and 
Na butyrate 


Ac,O and 
Na acetate 


Propionic 
anhydride and 
Na propionate 


Butyric 
anhydride and 


Na butyrate 


Tasie II ‘contd.) 


B.P. 


273°/8mm. 


145°/3 


165°/3 


150°/3 


198°/9 


240°/5 


185°/5 


280°/5 


234°/9 


280°/5 


293°/5 


% Yield. 


64.6 


62.3 


54.4 


56.3 


87.2 


34.2 


4845 


87.2 


89.8 


coumarin 
(IV) 
[ Cc =coumarin]. 


Name of the 


3-Methy!- 
4-propyl- 
6-te: t.-butyl-C 


3-Ethyl- 
4-propyl- 
6-tert.-butyl-C 


4-Methyl- 
6-tert.-amyl-C 


3: 4-Dimethyl- 
6-tert.-amyl-C 


3-Ethyl- 
4-methyl- 
6-tert.-amyl-C 


4-Ethyl- 
6-tert,-amyl-C 


3-Methyl- 
5-ethyl- 
6-tert.-amyl-C 


3 :4 Diethyl- 
6-tert.-amyl-C 


4-Propyl- 
6-tert.-amyl-C 


3-Methyl- 


4-propyl- 
6-tert.-amyl-C 


3-Ethyl- 
4-propyl- 
6-tert.-amyl-C 


Mol. 
formula 


Ci7He,03 


C)gH 402 


CisHig0, 


CygH Oy 


Ci7H 9902 


CisH 90, 


Ci7H430; 


CigHy,O, 


Ci7H,05 


CigH yO, 


CigH 50, 


Found. 


%C. 


78.3 


78.5 


77.8 


778 


78.0 


77-9 


78.0 


78.6 


78.2 


78.7 


%H. 


8.36 


7-40 


7-45 


8.35 


8.20 


8.60 


8.90 


8.29 


8.76 


8.92 


Calc. 


79-41 


78.26 


78.69 


79.08 


78.69 


79.08 


79.41 


79.08 


79-41 


79-71 


Hydrolysis of the Compounds obtained by Kostanecki-Robinson Acylation 


8.82 


7.83 


8.19 


8.19 


8.53 


8.82 


9.09 


(i) Sodium Ethoxide.—'The compounds obtained above were treated with the 
calculated amounts (1 mole) of sodium ethoxide in absolute alcoholic solutions for 12 
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hours at room temperature. The alcohol was distilled off, the complex decomposed 
with water and acidified with dilute acetic acid. Im all the . cases, the original 
compounds were recovered without the formation of any diketone, thus proving that 
chromone formation did not take place. 

(ii} 2N-Alkali .—The compounds obtained by Kostanecki-Robinson acylations 
‘were refluxed with 2N-alkali for 4 hours. The resulting product after filtration was 
recovered back, thus indicating that the compounds obtained by Kostanecki-Robinson 
acylations were coumarins. 

Attempted Preparation of o-Methoxycinnamic Acids .—The coumarins (1 z.) 
were dissolved in acetone (10 c.c.) and dimethy] sulphate (10 c.c.) was added, followed 
by 20% KOH (25 c.c.). The mixture was heated to too° with constant stirring, and 
more KOH and dimethyl sulphate (5 c.c.) were added from time to time for an hour, 
keeping the mixture alkaline. After cooling and acidification, the original compounds 
were obtained when extracted with ether. 

Attempted Preparation of Styryl Derivatives.—The compounés (1, 4, 7, 10, 13, 16 
of Table II), expected to be 2-methylchromone, were treated with benzaldehyde in 
absolute alcoholic solution in presence of sodium ethoxide according to the method 
of Chakravarti and Banerji (this Journal, 1936, 18, 619). No styryl derivative could 
be isolated, thus confirming the absence of 2-methylchromones. 

CHEMICAL LABORATORIES, Received May 14, 1952. 


LucKNnow UNIVERSITY, 
LucKnow. 
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RESONATING SEMIPOLAR SINGLE BOND. PART Vi. MOLECULAR 
REARRANGEMENTS 


By SAryip SHAMIM-AHMAD AND HAMEEDUrI, HAsAN 


The postulate of the resonating semipolar single bond has been advanced to give a better explanation 
of the three fundamental questions regarding molecnlar rearrangements : (i) Why do they take place ? 
(ii) Why are they not reversible? (iii) How does the rearrangement take place in view of the stereo- 
chemicai requirements? Attention is directed to the fact that all the molecules undergoing rearrange- 
ments contain influences which can semipolarise single bonds as the atoms joined are electron attracting 
and of about equal electronegativity. These rearrangements are not reversible as bonds formed are 
not capable of semipolarisation. The retention of configuration is explained as the new bond is formed 
before the previous one is completely broken. Robinson's scheme of benzidine transformation is put 
forward to be based upon similar views though Dewar’s idea of # bonds is less general. 


Molecular rearrangements are a fascinating study. No completely satisfactory 
general theory has been put forward to explain all these reactions. Whitmore’s theory 
(J. Amer. Chem. Soc., 1932, 54, 3274) is an attempt at co-ordinating all the reactions, 
but it suffers from a number of defects. 

1. ‘Tne most fundamental objection with this and other mechanisms is that they 
do not explain why molecular rearrangements are not reversibie. In fact, one is apt to 
get the idea that on the basis of Whitmore’s mechanism the rearrangements should be 
reversible like tautomeric changes. 

2. The formulation of the sextet is supposed to be the driving force of the -rear- 
rangements. Wallis and Moyer (ibid., 1933, 55, 2598) have shown by carrying out the 
rearrangements in presence of triphenylmethyl radicals that no ions or radicals are 
produced in the system. If it is supposed that the migrating radical never achieves 
freedom as an ion or radical then stereochemical requirements (Hammick and Mason, 
]. Chem. Soc., 1946, 638) necessitate instantaneous jumps by bulky and sometimes by 
optically active groups. 

3. Moreover, if the octet remains complete, then shifts of doubie bonds (Porter, 
“Molecular Rearrangements’’, 1928, p. 26) and other anomalies are not explicable (Jones 
and Power, J. Amer. Chem. Soc., 1924, 46, 2518; cf. Yale, Chem. Rev., 1943, 33, 248). 

Less general are the mechanisms put forward by Robinson (J. Chem. Soc., 1941, 
220) and Ingold ‘ibid., 1941, 610) about the benzidine transformation. Robinson’s 
theory of electronic oscillation has been criticised by Ingold on the use of chronoiogical 
order of electron displacements and also as it postulates the recession of electrons from 
a positive centre. Hammick and Mason (loc. cit.) points out that stereochemical require- 
ments are not met. Ingold’s work has been criticised by Robinson (loc. cit.) and Dewar 
(J. Chem. Soc., 1946, 777). Dewar has developed the concept of the z bonds (Nature, 
1945, 156, 784) to explain the rearrangements. The drawback with this concept is that 
almost all the rearrangements concern siugle bonds where this type of bond cannot be 
very important. [Hammond and Shine (J. A mer. Chem. Soc., 1950, 72, 220) have 
shown that two molecules of acid take part in benzidine rearrangement. This is taken 
as another argument against Dewar’s formulation |. 


9—1801P—12. 
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The present theory offers a clear unambiguous auswer to all the three important 
fundamental questions about rearrangements: (1) Why do they take place? (2) Why 
are they not reversible? (3) How does the rearrangement take place in view of the 
stereochemical requirements? The first question is simply answered. Rearrangements 
take place on account of the presence or its appearance (under the influence of tempera- 
ture and catalysts) of resonating semipolar single bond in the rearranging molecule. 
As pointed out earlier (previous papers ) the single bond between two atoms tends to be 
semipolarised if the atoms are of strong and of about equal electron polarising nature. 
This is just the condition that obtains in rearranging molecules. In most of the rear- 
ranging sysiems N—N, N—O, O—O, N—Br, CO—N etc. links between strongly pola- 
rising groups break up leading to rearrangements. It is obvious that the conditions are 
fulfilled for the appearance of resonating semipolar single bonds. In fact, abnormal weak- 
ness of O—O, N—N bonds has been stressed by Coates and Sutton (J. Chem. Soc., 1948, 
1195) who have remarked that no satisfactory explanation is forthcoming for this weak- 
ness. The similarity of the weakness of these links with that of CI—C1 link is stressed 
by the theory of the resonating semipolar single bond and the weakness in all of them 
ascribed to resonance of bond with lone pair electrons. The rearrangements are not 
reversible because in the rearranged ‘products there is no possibility of semipoiarisation of 
single bonds, as after rearrangement, there are no longer single bonds between strongly 
polarising radicals. 

The mechanism of rearrangement depends upon polarisability of semipolar single 
bonds, specially under the influence of charges that develop as a result of semipolarisa- 
tion. ‘This will be clear from the following examples. 


Hofmann’'s rearrengement. 


“ ji 
Je 
CH,--C -——-N —Br, 
VW t “A 
ps H OH 
A €7 
(a CH,—C — N —Br, 
= 
¢ H...OH . 
1 A. inh =! 
(b) CH, * ...C = N...Br 
| t 
-H...OH™* 
ey) HO 
tc) o=0G: Br™_, CH,—-N=C=0-—> CH,NH, 
3 


Dotted lines show semipolarised bonds. 
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Hydroxamic esters. —Discussion of en anomaly will iliustrate the application of the 
present concept:— 


-} 
O—H O mB. . Daa , 
H he f+oOrx 5 , ON &K 
»é tai PE? Pee tw ee 
“OCOC,H; 
\A 





SS —> H.CHO+HNCO+C,H;COOK 


Benzidine Transformation.—The representation is similar to that of Robinson who 
mentions clearly that one electron break of covalency is involved. The possibility of 
semipolarisation is present in N—N bonds as the bond electrons can conjugate eithe1 
with lone electrons (if only one proton gets attached} or with ortho and para positions 
if two protons add up. Semipolarsation of N—N bond gives opposite charges to ortho 
and para positions of the two rings which come close together due to deformability of the 
semipolar single bond. Otho positions are not attacked as they can form five membered 
rings through hydrogen bonds. 


bg <— re H =." — > = tad 7 pm 

a ee cs 

: | | | 7” | | | | > | | | |— NH,C.H,—C.H.NH 
Fale git abe esl wth 


In all these processes the migrating radicals come very close and actually form 
semipolar bonds with their uew partners before leaving the old seat of attachment. No 
ions or radicals are formed during the course of the rearrangement. Similar mechanisms 
may be given for other rearranging systems. 
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RESONATING SEMIPOLAR SINGLE BOND. PART VII. REACTIONS 
OF THE DOUBLE BOND (OLEFINES) 


By SAryvip SHAMIM-AHMAD AND HAMEEDUL HASAN 


The hypothesis of the semipolar double bond has been critically examined and difficulties in accept- 
ing it pointed out. In this connection the theories put forward by Robertson and others are considered 
aud a mechanism postulated on the basis of the theory of the resonating semipolar single bond. In 
support of the proposed mechanism other reactions of the olefines are pointed in which olefines 
react with molecules containing resonating semipolar single bond or with molecules containing easily 
polarisable hydrogen. Addition of hydrogen, which is an apparent exception, is shown to be a strong 
proof in support of the proposed mechanism. 


The theory of the resonating semipolar single bond postulates reactivity to be due 
to the polarisation of a single bond where the bond electrons can resonate with lone 
electrons or lone orbitals on one of the atoms. In the additions to double bonds, pola- 
risation of two electrons is postulated as also in the case of the reactions of the carbonyl] 
groups. Experimental proofs are available for the double electron polarisation of C:( 
group as it reacts with ions or with compounds containing lone pairs of electrons (CN’, 
NH;, NH.OH etc.). No such proof is available for C:C link. Most compounds of 
this type do not at all react with ketonic reagents. There must be some fundamental 
difference in polarisation of the two types of molecules. 


From a consideration of the existing evidence it would appear that the addition 
to C:C must be pictured through the polarisation : 


4% < 
>C=Cc <-—>> o.. ox and not through the double polarisation>C oe “Ge, 
The various pieces of evidence in favour of this conclusion may briefly be mentioned. 

1. Reactions of the olefines are all with two classes of compounds: 

(a). The first class of these compounds comprises exactly those compounds that 
have the resonating semipolar single bond in the molecule. This can be seen from the 
following table where all the molecules have a single bond joining two strongly polari- 
sing radicals of about equal electronegativity. 


TABLE I 


Resonating semipolar single bond molecules which add to olefines. 


Type. Substance. Type. Substance. 
Halogens F2, Cle, Brg, Ig, IC], IBr Oxygen compounds O3, HO, 
Hypohalous acids HOCI, HOBr Sulphurjcompounds SeCl, NCS-SCN 


Nitrogen compounds NOCI, NOBr, NO,-NO, 





It is natural to infer that the olefines react with these substances as they also possess 
a similar type of polarisation. 
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(b). The other class of substances that add to double bonds are the polarisable 
molecules containing hydrogen e.g. HCl, HI, H.SO,, H,O0 etc. It is noteworthy that 
the addition of the acids does not take place in dilute solutions when they are present 
as ions when a molecule of water adds instead. In addition of water ionic salts do not 
Serve as the catalysts but the unionised mercury salts serve the purpose. In view of 
these points addition of water may be supposed to be brought about by complexes forined 
between water and acids (or other catalysts) which are postulated to explain the weak 


basicity of ammonium hydroxide: NH,N —> H-OH. This form may be 
1 — 


represented as H,O . H...A. The addition of acids must be brought about due to 
the polarisability of acid and hydrogen and the tendency of the molecule to pass into the 
semipolarised form. It is borne out by the fact that HI adds much more readliy than 
HBr or HC! as H and I are of equal electronegativity and the HI molecule can more 
teadily pass into the semipolar form. ‘This also proves that it is not the dipolar charge 
that is responsible for the reaction. The mechanism on the basis of these ideas would 


be 


+>C=Cl +4 —-3 
+3 -} +4 | +$—————— >>> C --C-C...H...A—> 
> Cc ~C<+HA->C at ct A...H 


Fie polarisation 
—> C—C<-> > CA—CH< 


The addition of hydrogen has to be treated separately and specially as this is a 
covalent molecule not easily polarised, and hence its addition to double bonds must be 
taken to constitute an exception. If, however, the following points are considered then 
we cannot fail to be impressed by the strong evidence which hydrogen addition gives 
to the machanism of addition by semipolarisation of single bonds:- 

; (i) Molecular hydrogen is without any effect on C:C. (ii) Nor do the hydrides of 
alkali metals or LiAIH, reduce double bonds. Hence, negative hydrogen is not the 
active agent in reductions. (iii) Metal combinations are also ineffective in this respect 
(Gilman, ‘“‘Organic Chemistry’’, 2nd Ed., p. 634). Though there is some doubt about the 
nature of nascent hydrogen, still the above fact indicates that double bonds are not 
affected by hydrogen atoms which add to one another instead. (iv) Reduction is also 
not brought about by nascent hydrogen in acid solutions where hydrogen is present as 
the positive part of a dipole. All these points leave only one alternative for the mecha- 
nism of addition, viz. semipolarisation of the bond between hydrogen atoms brought 
about by the strong polarising influence of metals like Ni. It is known that the cata- 
lytic hydrogenation chemisorption takes place (heat of sorption, 35 Keal.). This sorption 
must be due to donation of electrons by the metal surface to the hydrogen molecule 
without converting hydrogen into the anionic form as the catalytically active metals do 
not form salt like hydrides. The first stage in the chemisorption must be represented by 


Ni~, +4 —} 
Ni...H...H 
Ni 
A closed circuit may later be formed by the attraction of one of the hydrogen atoms 


to the adjacent site. This formulation automatically fits hydrogen to react with ole- 
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fines as all their reactions are with molecules containing semipolar single bond. ‘This 
is in accord with Horinti and Polany’s mechanism (Trans. Faraday Soc., 1934, 80, 1164) 
for hydrogenation with deuterium where they postnlate a half hydrogenated state as 
-CH.,—CH,D-. 

2. Lapworth and Robinson (J. Chem. Soc.,'1922, 121, 417) objected to Lowry’s 
mechanism of addition to conjugated double bonds on the ground that activation at 
more than one point is improbable. ‘They represented the process as 

‘~ CX + - a [~ Bi vad gt Bile 
C=C-C=C->-C-C=C-C-— instead of -C=C-—-C=C--—>-C- C- C- C- 
Exactiy the same objection can be raised about Lapworth and Robinson’s mechanism. 
Activation of two electrons is a double activation, and hence appears to be improbable. 

fo of +8 —-4 
It should be represented as—- C=C—C=C —> C—C'“C— C 

3- This type of formulation is in conformity with the three electron bond formulae 
employed by Kuhn in certain reactions of conjugated systems with monovalent elements 
and free radicals such as Na or NO (4th Solvay Report, 1931). This formulation can 
also easily explain the lack of cis-trans forms about each of the double bond in long 
conjugated diphenyl polyenes (Kuhn and Winterstein, Helv. Chim. Acta, 1928 11, 1187) 
or bixin (Karrer, Helfenstein, Widmer and van Itallie, ibid., 1929, 12, 745). 

4. Fajan’s rules also indicate the same thing. In IV group the tendency to gain 
or lose electrons is so small that the largest cations where two electrons are lost are 
too unstable, e.g. SnCl, and PbI,. It is difficult to believe that whereas the largest 
members of the group are so reluctant to part with two of their electrons to groups which 
are so strongly ionogenic as Cl, I, SQ, etc., the smallest member of the group will 
part with two of the electrons to such a feeble acceptor as another carbon atom. The 
activation at the maximum most should be shown as due to semipolarisation of one hond 
out of two in the double bond: 


la +4 -} 
>C=C< — >C=+-C< 

5. Oriented addition to double bond, when one of the two possible isomers predo- 
minates, is another strong argument against the mechanisms which use single bonds in 
the intermediate stage. Roberts and Kimball's mechanism (J. Amer. Chem. Soc., 1937, 
59, 947) has been modified by Robertson, Caverhill and Waters (J. Chem. Soc., 1947, 
1170); but both of them do not explain the influence of catalysts nor the negative tem- 
perature coefficient. Moreover, the modified mechanism, using single bond in the inter- 
mediate state, is not completely satisfactory. Ogg has also objected to the attack by 
a positive halogens on the ground that a carbon atom with a sextet is highly unstable. 


On the present basis halogens are supposed to have the resonating semipolar single bond 
structure. The resonating form will attach itself to only such molecules which can stabi- 
lise one of the forms by virtue of themselves possessing many resonance hybrid forms. 
This type of complex formation has been postulated in explaining the colour of iodine 
solutions (Part I, loc. cit.). Glass walls may do it as they can supply electrons. Even 
the olefines which are uudergoing reaction may attach the halogen molecules provided that 


10—1801P—12. 
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they have sufficient number of positive substituents. The next stage is the addition of this 
complex to the reacting molecule. As the complex is the active agent in addition reaction, 
the influence of catalysts, and the negative temperature coefficient are at once explained as 
higher temperature will lead to its break up. On any other basis this negative tempera- 
ture coefficient is not explicable. HBr acts as a catalyst due to the formation of HBr;. 
The question of the initial attack is explained as falling in two types. In one class of 
compounds where the olefine cau stabilise one of the forms due to the presence of 
positive substituents, the attack will naturally be by the positive halogen. If on the 
other hand a catalyst is required then the attack on the catalyst must be through the 
positive halogen, but the attack on the olefine will now be by the negative part of the 
semipolarised stabilised halogen molecule: - 


Type I: Positive substituents. 


+} o-} +h -$ 0 +h VO -b am, 
>C—C<+Br...Br—> >C C-—Br... Br —— > products. 


Type II: Catalysits present. 


+4 +4 +4 
> C+Br. Br. cat. —> >C......... 22... Br ip, >C—Br 
a ° ° 2 . — Pf 
: : bity <a : Br+ Cat*?. Br. Br? 
>c4 >cC-}. cat*4...Br Br-C 
A 


A number of prédictions can be confidently made on the basis of the present theory. 
If the contention that the doubie bond reacts by semipolarisation of one bond out of 
two in the double bond and that all its reactions are with moiecules possessing resonat 
ing semipolar single bond is correct then olefinic compounds must react with all those 
single bonded compounds which are coloured as they are postulated to contain such 
bonds. ‘There are a large number of such compounds e.g. CHI;, CI,, NI;, CrO,Cl, etc. 
On the present basis they must add to double bonds under suitable conditions. It is 
interesting to note that since this paper was submitted Cristol and Eiler (J. Amer. Chem. 
Soc., 1950, 72, 4353) have Succeeded in adding CrO.Cl, to olefines. 
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a- A NOTE ON THE SIMILARITY OF LiOH WITH THE HYDROXIDES OF 
* ALKALINE EARTH METALS IN THE REACTIONS 

of WITH NON-METALS 

. By J. Datta 

e 

e 


When heated with dry LiOH, sulphur is transformed into pure H,S and sulphide, 
e sulphite and sulphate of the metal; selenium undergoes a similar change but the 
oxy-salt formed is only selenate ; and red phosphorus yields a gas containing more 
than 40% PH; and the phosphate of the metal. Heated mixtures of LiOH and any of 
the above non-metals reduce a nitrate or a non-volatile nitro compound into NH,. In 
these reactions LiOH resembles the actions of alkaline earth hydroxides (Datta, this 
Journal 1952, 29, 101, 394). 
Srippat SINGH COLLEGE, Received May 10, 1952. 
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